
































































































The	 increased	 movement	 of	 plants	 around	 the	 world	 is	 a	 serious	 and	 impactful	
environmental	 consequence	of	 increased	human	dominance	 globally.	 Some	of	 these	
plants	 will	 become	 established	 in	 new	 areas,	 some	 will	 proliferate,	 and	 some	 will	
become	 invasive	 causing	 environmental	 and	 socio-economic	 damage.	 Environmental	
processes	contribute	to	plants	becoming	introduced,	established	and	invasive.	However,	
humans	 have	 an	 increasingly	 important	 role	 in	 all	 stages	 of	 the	 invasion	 process.	 In	
particular,	 the	 social	 processes	 that	 shape	 decision	making,	 such	 as	 knowledge,	 risk	
perceptions,	values	and	attitudes,	can	influence	people’s	behaviour	that	might	lead	to	
increased	or	decreased	spread	of	invasive	non-native	plants	(INNP).	The	social	processes	
contributing	 to	 individual	 decision-making	 can	 be	 particularly	 influential	 in	 domestic	
























than	 in	housing	development	 samples.	 This	 suggests	 that	 informal	movement	of	 soil	
between	gardens	poses	a	greater	risk	of	spreading	invasive	plants	than	do	commercial	
sources.	Chapter	three	highlights	the	importance	of	high	levels	of	identification	skills	of	




details	 of	 the	 impacts	 it	 can	 have	 therein.	 Chapter	 five	 analyses	 internet-based	
information	 about	 the	 management	 advice	 and	 impacts	 of	 INNP,	 determines	 the	
authors	of	 this	discourse,	and	considers	whether	and	how	this	could	be	confusing	to	














the	 focus	of	 chapter	 seven,	which	 focuses	on	 the	economic	 impacts	within	domestic	
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Chapter	 four:	 A	 Rose	 by	 Any	 Other	 Name:	 Plant	 identification	 knowledge	 &	 socio-
demographics	








female;	 education	 level	 1	 (‘O’	 level,	 GCSE,	 or	 equivalent	 or	 less);	
member	of	no	wildlife,	conservation	or	gardening	organisations;	if	the	




Table	4.3	 Results	 of	 top	 10	models	 based	 on	 AICc.	 df	 =	 degrees	 of	 freedom,	
















Chapter	 six:	 Drivers	 of	 risk	 perceptions	 about	 invasive	 non-native	 plants	 in	 domestic	
gardens	




Table	6.2	 Results	 from	 ‘cumulative	 link	models’	 of	 factors	 influencing	 a)	 how	
frequently	people	thought	Japanese	knotweed	occurred	on	domestic	















Table	A6.2	 Results	 of	 global	 models	 for	 a)	 how	 frequently	 people	 thought	
Japanese	knotweed	occurred	on	domestic	property	in	Cornwall	and	b)	








































of	 presence	 (continuous);	 b)	 binary	 predicted	 likelihood	 of	 presence	
(threshold	derived	using	‘SDMTools’	package;	van	Der	Wal	et	al.	2014);	
c)	 actual	 presence/absence;	 and	 d)	 lag	 map	 showing	 discrepancies	


















Chapter	 four:	 A	 Rose	 by	 any	 other	 name:	 plant	 identification	 knowledge	 &	 socio-
demographics	






Figure	4.2	 Responses	 to	 Likert-Style	 questions	 about	 attitudes	 towards	 plant	






















transformed);	 b)	 problematic	 ecological	 traits	 mentioned;	 c)	 direct	
socio-economic	 problems	 discussed;	 d)	 indirect	 a	 socio-economic	
problems	 discussed;	 e)	 number	 of	 ecological	 problems	 discussed;	 f)	









Figure	5.3	 Frequency	 distributions	 of	 coded	 content	 or	 ‘themes’	 within	 local	
government	documents	of	number	of	a)	problematic	ecological	traits	






Chapter	 six:	 Drivers	 of	 risk	 perceptions	 about	 invasive	 non-native	 plants	 in	 domestic	
gardens	
Figure	6.1	 Participants’	responses	to	a)	how	frequently	people	thought	Japanese	



















Figure	7.2	 Temporal	 trend	 for	 relative	 number	 of	 searches	 for	 ‘Japanese	
knotweed’	using	Google	search	engine	in	the	UK	from	2004	to	2015.	A	



















































global	 environment	 (Vitousek	 1997;	 UN	 2010),	 due	 to	 increasing	 populations,	
consumption,	travel	and	trade	(Meyerson	&	Mooney	2007;	Banks	et	al.	2014).	One	of	
the	most	striking	ways	this	is	manifesting	itself	is	by	the	increased	movement	of	plants	
around	 the	globe	 (Simberloff	et	al.	2013;	Kumschick	et	al.	 2014),	 some	of	which	will	
become	 invasive	 and	 have	 serious	 and	 widespread	 ecological	 and	 socio-economic	
impacts	(Vilà	et	al.	2011;	Jeschke	et	al.	2014).	The	spread	and	impacts	of	invasive	non-
native	 plants	 (INNP)	 are	 amplified	 through	 synergistic	 interactions	 with	 other	
dimensions	of	global	change	(Theoharides	&	Dukes	2007),	for	instance,	climate	change,	
land	 use	 change,	 habitat	 exploitation	 and	 increasing	 concentrations	 of	 atmospheric	
carbon	dioxide	(Pyšek	&	Richardson	2010).	
	
Invasion	 ecology	 is	 a	 rapidly	 growing	 research	 area	 (Hulme	 2006;	 Simberloff	 2015).	
However,	the	terms	‘non-native’	and	‘invasive’	are	still	viewed	as	somewhat	subjective	
and	have	been	the	subject	of	considerable	academic	debate	in	recent	years	(Richardson	


















There	 are	 multiple	 stages	 preceding	 a	 plant	 becoming	 invasive	 and	 problematic,	
outlined	 in	 Figure	 1.1.	 These	 stages	 are	 not	 discrete	 and	 depend	 on	 the	 spatial	 and	
temporal	scale	in	question,	however	they	provide	a	useful	framework	for	exploring	the	
invasion	process.	The	processes	influencing	the	different	stages	can	be	categorised	as	
‘environmental’	 and	 ‘human-dimensions’.	 Although	 it	 is	 important	 to	 consider	 the	








The	 spread	of	 INNP	 is	 governed	by	multiple	 stages	 involving	 complex	 processes	 and	





on	 the	biotic	 traits	 of	 the	 species	 (Hamilton	et	al.	 2005,	 van	der	Veken	et	al.	 2007).	
Certain	 traits	of	 the	propagule	will	 increase	 the	 likelihood	of	 introduction	 (Ruxton	&	




for	 introductions	 (Meyerson	 &	 Mooney	 2007;	 Wilson	 et	 al.	 2009).	 However,	
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into	 a	 new	 area	 will	 become	 established,	 of	 which	 only	 a	 small	 proportion	






Predicting	which	 species	will	 become	established	and	 invasive	 is	 not	 straightforward	
(Colautti	et	al.	2006).	However,	research	has	repeatedly	demonstrated	that	strategies	
that	increase	carbon	capture	abilities	of	the	plant,	such	as	specific	leaf	area	(Leishman	
et	 al.	 2014)	 and	 extended	 flowering	 period	 (Lake	 &	 Leishman	 2004),	 increase	 the	
likelihood	of	a	species	becoming	established,	widespread	and	invasive.	Furthermore,	as	

















and	 show	 little	 sign	 of	 abating	 (Hulme	 2009).	 Historically,	 intentional	 introductions	








































secondary	 invasions	 (Gioria	 &	 Pyšek	 2015),	 they	 can	 reduce	 genetic	 diversity	 by	













This	might	be	 the	cost	of	 control;	one	study	estimated	 that	 the	cost	of	pesticides	 to	
















crayfish	 Cherax	 quadricarinatus	 provides	 an	 important	 income	 source	 in	 Jamaica	
(Pienkowski	et	al.	2015).	When	the	costs	and	benefits	are	unclear	management	conflicts	
can	arise	(Dickie	et	al.	2014).	For	example,	Acacia	species,	a	group	of	highly	invasive	non-






It	 is	 imperative	 that	 in	 this	 increasingly	 urbanising	 world	 we	 continue	 to	 further	
understanding	of	plant	invasions	in	human-dominated	landscapes	in	order	to	conserve	
biodiversity	 and	 functioning	 ecosystems	 for	 future	 generations.	 Despite	 invasion	
ecology	 being	 a	 rapidly	 expanding	 area	 of	 academic	 research	 with	 important	 and	
tangible	applications	(Richardson	&	Ricciardi	2013),	key	gaps	remain.	Several	of	these	
gaps	are	outlined	below.	






role	 humans	 have	 in	 spreading	 INNP	 in	 domestic	 gardens	 and	 the	 impacts	 of	 INNP	
therein	as	domestic	gardens	are	one	of	commonest	places	many	will	encounter	INNP.	
Given	 the	 high	 coverage	 of	 residential	 gardens	 in	 urban	 areas	 in	many	westernised	





2015).	 These	 include	 (1)	 increased	 opportunities	 to	 engage	 with	 nature	 (Restall	 &	
Conrad	2015),	 (2)	physical	and	mental	health	benefits	 (Freeman	et	al.	2012),	and	 (3)	
opportunities	 to	 gain	 and	 share	 ecological	 knowledge	 (Barthel	 et	 al.	 2010).	 In	 an	




An	 individual’s	 risk	 perception	 of	 a	 particular	 INNP	 is	 a	 strong	 determinant	 of	 their	
attitude	towards	it,	which	is	a	key	determinant	of	their	behavioural	choices	(Fischer	&	
van	der	Wal	2007;	Estévez	et	al.	2014).	The	research	field	of	risk	perception	is	growing,	
both	 in	relation	to	environmental	 risks	generally	 (Carlton	&	Jacobson	2013;	Slimak	&	
Thomas	2006)	and,	to	a	lesser	degree,	in	relation	to	INNP	(e.g.	Fischer	&	Charnley	2012;	
Gozlan	et	al.	2013;	Verbrugge	et	al.	2013;	Estévez	et	al.	2014).	Research	regarding	risk	


















Japanese	knotweed	Fallopia	 japonica,	 is	used	as	a	 case	 study	 throughout	 this	 thesis.	
Japanese	 knotweed	 provides	 an	 excellent	 example	 for	 thinking	 about	 the	 various	
challenges	of	INNP	in	human-dominated	landscape	as	it	causes	widespread	ecological	
and	economic	damage	typical	of	many	 INNP.	 Japanese	knotweed,	however,	presents	
additional	 socio-economic	 challenges	 compared	 with	 other	 INNP	 that	 are	 discussed	
below.	
	
Japanese	knotweed	 is	one	of	 the	best-known	examples	of	an	 INNP	as	 it	 is	extremely	
widespread	and	problematic	across	much	of	North	America	and	Europe,	particularly	in	





One	 of	 the	 first	 places	 Japanese	 knotweed	 was	 introduced	 into	 Europe	 was	 the	
Netherlands,	where	 it	won	a	gold	medal	 in	1847	for	being	the	 ‘most	 interesting	new	













Goodall	2014).	 Its	 roots	make	up	about	two	thirds	of	 its	biomass,	extending	far	both	
horizontally	and	vertically	(Elghazouli	2010).	These	features	of	Japanese	knotweed	mean	
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species	 (Barney	et	 al.	 2006).	 It	 can	 also	 have	 subtler	 detrimental	 impacts	 for	 native	







Japanese	 knotweed	 can	 also	 have	 several	 socio-economic	 impacts.	 For	 example,	 (1)	
large	 expenses	 are	 incurred	 when	 controlling	 Japanese	 knotweed	 along	 riparian	
habitats,	 roads	 and	 railways,	 as	 in	 all	 these	 areas	 it	 can	 restrict	 access	 and	 reduce	
visibility	 (EA	 2013;	 van	 Ham	 et	 al.	 2013).	 (2)	 It	 can	 increase	 the	 risk	 of	 flooding	 by	
reducing	 the	 capacity	 of	 rivers	 to	 hold	 flood	water	 (EA	 2013).	 (3)	 Due	 to	 the	 dense	
monocultures	it	forms,	Japanese	knotweed	is	rarely	perceived	as	aesthetically	pleasing.	










into	disputes,	 sometimes	 resulting	 in	 legal	action	being	 taken	 (van	Ham	et	al.	2013).	
These	impacts	are	exacerbated	by	the	fact	that	building	insurance	rarely	covers	damage	
caused	by	Japanese	knotweed	(RICS	2012).	Many	of	these	socio-economic	impacts	on	








most	 longstanding	are	the	 ‘Wildlife	and	Countryside	Act’	 (1981),	under	which	 it	 is	an	
offence	 to	 plant	 or	 cause	 Japanese	 knotweed	 to	 spread	 in	 the	 wild,	 and	 the	
‘Environmental	Protection	Act’	(1990),	which	regulates	how	Japanese	knotweed	can	be	












Awareness	 and	 understanding	 of	 such	 legislation	 is	 likely	 to	 influence	 how	 people	
manage	Japanese	knotweed	in	their	gardens.		
	
There	 are	 several	 options	 for	 controlling	 Japanese	 knotweed.	 The	 most	 common	
method	is	herbicides,	either	domestic	or	professional	strength	(Delbart	et	al.	2012).	This	




However	 whichever	 method	 is	 chosen	 will	 require	 persistence	 and	 rarely	 leads	 to	
complete	 eradication	 (Manchester	 &	 Bullock	 2000).	 Ultimately,	 the	 control	 option	















of	 Japanese	 knotweed	 and	 the	 perception	 of	 the	 impacts	 amongst	 different	














been	 published	 (chapters	 four	 and	 five).	 The	 chapters	 are	 ordered	 according	 to	 the	






data	 chapter,	 chapter	 two,	 considers	 the	 relative	 influence	 of	 environmental	 and	
anthropogenic	drivers	on	the	presence	and	abundance	of	Japanese	knotweed.	This	 is	
the	 first	 study	 to	 combine	 environmental	 and	 anthropogenic	 drivers	 of	 INNP	 at	 the	








the	 species	 richness	 and	 abundance	 of	 native,	 naturalised	 and	 invasive	 plants	 that	
germinated,	between	and	within	sources.	If	INNP	are	to	be	managed	in	gardens,	they	
first	 need	 to	 be	 identified.	 Chapter	 four	 explores	 levels	 of	 plant	 identification	 skills	




the	 impacts	 they	 can	have	 therein.	 Chapter	 five	 analyses	 variation	 in	 internet-based	
information	sources	regarding	INNP	to	determine	how	this	collective	discourse	might	




Chapter	 seven	 considers	 the	 impacts	 of	 INNP	 on	 domestic	 property.	 In	 particular,	 it	








The	 discussion	 chapter	 reviews	 and	 synthesises	 the	 contributions	 of	 this	 thesis	 to	
knowledge	 gaps	 regarding	 INNP	 in	 a	 human-dominated	 landscape	 and	 identifies	
research	 gaps	 remaining.	 The	 discussion	 refers	 back	 to	 the	 conceptual	 framework	
















































































































To	 reduce	 the	 impacts	 of	 invasive	 non-native	 plants	 (INNP)	 we	 need	 to	 be	 able	
accurately	to	predict	their	current	and	future	distributions.	Traditionally,	predictions	of	
distributions	 have	 focused	 on	 using	 biophysical	 variables.	 Anthropogenic	 variables,	
particularly	 those	 concerning	 the	 built	 environment	 (e.g.	 building	 density),	 are	
increasingly	 being	 recognized	 as	 also	 important.	 However,	 INNP	 distributions	 and	
abundance	 could	 also	 be	 affected	 by	 geographic	 variation	 in	 human	 behaviour,	
motivations,	 and	availability	of	 financial	 resources.	While	direct	quantitative	data	on	
these	 factors	would	 be	 very	 hard	 to	 obtain,	 the	 influence	 of	 these	 factors	 could	 be	
captured	by	using	socio-economic	variables.	Previous	studies	exploring	the	influence	of	
socio-economic	 variables	 on	 INNP	 distribution	 and	 abundance	 have	 done	 so	 at	







In	 this	 study,	 we	 explore	 the	 relative	 importance	 of	 biophysical	 variables	 (average	
maximum	 and	 average	 minimum	 daily	 temperatures	 from	 the	 warmest/coldest	
months),	 the	 anthropogenic	 built	 environment	 (building	 density)	 and	 two	 socio-
economic	 anthropogenic	 variables	 (the	 index	 of	 multiple	 deprivation	 –	 an	 index	
combining	 multiple	 measurements	 of	 deprivation	 -	 and	 housing	 tenure),	 at	 a	 fine	
resolution	(1km2)	and	regional	extent	(the	county	of	Cornwall,	UK),	on	the	presence	and	
abundance	 of	 INNP.	We	 use	 Japanese	 knotweed	 Fallopia	 japonica,	 one	 of	 the	most	
problematic	INNP	in	Cornwall,	as	a	case	study.	
	
We	 demonstrate	 that	 the	 most	 important	 variables	 predicting	 the	 presence	 and	
abundance	 of	 Japanese	 knotweed	 are	 building	 density,	 followed	 by	 minimum	 and	
maximum	temperature	(biophysical	variables),	then	index	of	multiple	deprivation,	and	
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to	 a	 lesser	 extent	 proportion	 of	 socially	 rented	 properties	 (both	 socio-economic	
anthropogenic	variables).	These	results	have	a	number	of	 implications	 for	awareness	
campaigns,	and	priorities	for	management	and	investment	in	reducing	the	spread	and	





management	 from	 government	 authorities	 could	 be	 an	 effective	 way	 to	 reduce	
















(Gallardo	2014;	Gallardo	et	al.	 2015).	Biophysical	 variables	can	 influence	 the	survival	
rates	 of	 INNP	 at	 different	 stages	 of	 the	 invasion	 process	 by	 impacting	 mortality,	
reproduction	and	growth	rates	(Theoharides	&	Dukes	2007).	Minimum	temperature	is	
often	found	to	be	the	most	important	biophysical	variable	for	a	large	variety	of	species	





et	al.	 2015),	 attention	 is	 increasingly	also	being	given	 to	 the	effect	of	anthropogenic	
variables	 on	 INNP	 presence	 and	 abundance.	 This	 research	 is	 mostly	 focused	 on	
anthropogenic	 variables	 influencing	 the	 built	 environment,	 such	 as	 building	 density,	
road	proximity	and	road	cover	(Houlahan	et	al.	2006;	Gallardo	et	al.	2015;	Szymura	et	













A	 small	 number	 of	 studies	 have	 found	 other	 anthropogenic	 variables	 such	 as	 socio-
economic	variation	as	potentially	also	being	important	at	both	country	and	continental	
scales.	For	example,	one	study	found	a	positive	relationship	between	the	density	of	non-
native	plants	and	the	Human	Development	 Index	 (a	composite	 index	where	a	higher	







2010).	2)	Greater	 financial	 resource	availability	 in	different	regions	could	mean	more	
money	that	individuals	or	organisations	can	spend	on	INNP	control	(McDermott	et	al.	
2013).	 3)	 As	 different	 neighborhood	 norms	 are	 correlated	with	 garden	 preferences,	
including	 preferences	 for	 native	 plants	 (Hope	 et	 al.	 2003;	 Nassauer	 et	 al.	 2009),	
neighbourhoods	of	different	socio-economic	status	may	vary	 in	 their	 tolerance	of,	or	







and	abundance	nor	established	 the	 relative	 importance	of	 these	variables	 compared	
with	biophysical	and	built-environment	variables,	at	a	regional	extent	and	at	a	fine	scale	
resolution.	Exploring	these	relationships	at	a	regional	extent	and	fine	scale	resolution	is	
crucial	 for	 informing	 management	 recommendations	 to	 increase	 efficiency	 of	
monitoring	and	control	efforts	of	INNP.	Such	management	recommendations	would	be	
 34 
particularly	 useful	 in	 human-dominated	 environments	 which	 comprise	 a	 mosaic	 of	
private	and	public	spaces	managed	by	multiple	individuals	and	organisations	(Epanchin-
Niell	et	al.	2010).	Land	cover	in	urban	areas	comprises	a	large	proportion	of	domestic	
gardens,	over	20%	 in	 some	UK	urban	areas	 (Loram	et	al.	 2007),	 the	management	of	
which	might	be	highly	 influenced	by	the	socioeconomic	variables	due	to	variations	 in	
the	decisions,	knowledge	and	motivations	and	financial	 resources	of	 the	 individual(s)	
who	own	/	manage	them	(Qvenild	et	al.	2014).	
	
It	 is	 important	 we	 take	 advantage	 of	 the	 increasing	 availability	 of	 data	 on	 socio-
economic	variation	at	a	 fine	scale	spatial	resolution,	and	advances	 in	the	accuracy	of	
spatial	modelling	techniques	to	improve	our	knowledge	about	the	relationship	between	





3-5	 years	 for	 each	 census	 output	 area	 (areas	 with	 an	 average	 population	 of	 1,614	
residents).	Housing	 tenure	 data	 (whether	 people	 own,	 privately	 rent	 or	 socially	 rent	


























of	 research	and	public	engagement	with	 Japanese	knotweed	and	conduct	 surveys	 to	
identify	it	throughout	the	county	in	all	habitat	types.	Therefore,	we	can	be	reasonably	










Cornwall	 Council,	 n	 =	 44	 from	 NBN).	 Therefore,	 point	 locations	 were	 converted	 to	
polygons	by	drawing	a	circle	centered	on	their	coordinates	that	matched	the	mean	size	
of	existing	polygons	(area	=	249.29m2,	radius	=	8.91m),	following	Rodrigues	et	al.	(2003).	




Cornwall	 boundary,	 was	 included	 in	 the	 analysis	 as	 an	 explanatory	 variable.	 For	






et	 al.	 1995)	 and	 included:	 average	 maximum	 daily	 temperature	 from	 the	 warmest	
month	 (maximum	 temperature)	 and	 average	 minimum	 daily	 temperature	 from	 the	








grid-cell	 (data	 from	 EDINA	 2008	MasterMap	 Topography	 Layer).	 The	 2010	 index	 of	
multiple	deprivation	for	census	output	areas	in	the	study	area	was	obtained	for	analysis	
(IMD	2010).	Four	types	of	household	tenure	data	from	2011	(ONS	2011)	were	obtained	
(%	of	 total	properties),	also	 for	census	output	areas.	Tenure	types	were	 i)	properties	
owned	 (including	 those	 with	 mortgages	 and	 shared	 ownership);	 ii)	 total	 properties	
rented;	iii)	properties	socially	rented	(with	the	council	and	private	organisations);	and	
iv)	 properties	 privately	 rented	 (through	 a	 private	 landlord	 or	 letting	 agency).	 All	
household	 tenure	 variables	were	 checked	 for	 collinearity	 (Dormann	et	al.	 2013).	 For	
pairs	 with	 correlation	 coefficients	 greater	 than	 0.7	 the	 variable	 with	 the	 strongest	
relationship	to	the	response	variable	in	a	univariate	model	was	retained.	This	process	
resulted	in	properties	owned	and	total	properties	rented	being	removed.	Data	obtained	
for	 census	 output	 areas	 (index	 of	 multiple	 deprivation	 and	 housing	 tenure)	 were	






variables	 easier	 to	 interpret	 they	were	 standardized	 (Gelman	 2008).	 To	meet	model	
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assumptions,	percentage	building	cover	was	log-transformed	prior	to	use	in	the	analysis.	
A	 hurdle	 model	 approach	 was	 used	 (Zuur	 et	 al.	 2009). First,	 the	 effect	 that	 the	

















package	 (Hijmans	 2015).	 The	 RAC	 is	 then	 included	 in	 the	 model	 as	 an	 additional	
explanatory	variable.	This	method	has	been	demonstrated	 to	 increase	 the	predictive	
performance	of	models	compared	with	more	traditional	approaches	(Crase	et	al.	2012).	
The	reliability	of	the	RAC	method	has	not	been	tested	for	abundance	data.	Therefore,	
for	 the	 abundance	 model	 we	 used	 a	 ‘simultaneous	 autoregressive	 model	 error’	








method	 from	 Tjur	 (2009)	 for	 presence/absence	 models	 and	 Nagelkerke	 (1991)	 for	
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abundance	 models)	 and	 AIC.	 Predictive	 power	 of	 presence/absence	 models	 was	
assessed	by	 randomly	partitioning	data	 into	 training	and	 testing	datasets,	 containing	
80%	and	20%	of	the	grid-cells	respectively.	The	model	built	using	training	data	was	used	
















significant	 negative	 predictor	 of	 the	 presence	 of	 Japanese	 knotweed,	 but	 was	 not	
significant	in	the	abundance	model.	The	proportion	of	privately	rented	properties	was	
not	 significant	 in	 either	 the	 presence/absence	 or	 abundance	 model,	 though	 it	 was	
retained	by	model	selection.	The	predictive	power	of	the	presence/absence	model	was	
good	(AUC	=	0.885	±	0.004,	sensitivity	=	0.806	±	0.014,	specificity	=	0.803	±	0.011).	Visual	
inspection	 supported	 a	 high	 degree	 of	 overlap	 between	 predicted	 and	 actual	




Despite	 the	 importance	 of	 socio-economic	 variables	 as	 predictors	 of	 presence	 and	













relationship	 has	 been	 found	 in	 many	 other	 studies	 exploring	 invasive	 plants	 and	
urbanisation	 measures	 (Pyšek	 1998;	 McKinney	 2001;	 Gallardo	 et	 al.	 2015).	 The	
relationship	is	likely	due	to	a	combination	of	the	characteristics	of	urban	areas	such	as	
increased	disturbance	and	 frequent	 introductions	via	multiple	pathways	 (Evans	et	al.	
2005;	Francis	&	Chadwick	2015).	This	finding	suggests	that	if	housing	densities	in	the	UK	
increase	as	planned	(DETR	2000),	 INNP	could	become	more	abundant,	and	therefore	





them	 (van	 Heezik	 et	 al.	 2014).	 Recent	 research	 highlighted	 the	 variation	 in	 online	
management	 advice	 available	 for	 those	 responsible	 for	 managing	 INNP	 in	 domestic	
gardens,	 especially	 from	 local	 governments	 (Chapter	 5).	 Therefore,	 effectively	 to	
manage	 INNP	 in	 urban	 areas	 it	 is	 critical	 that	 local	 governments	 invest	 more	 in	
disseminating	consistent,	detailed	and	practical	advice	on	this	topic.	
	
The	 greater	 importance	 in	 our	 results	 of	 building	 density	 over	 biophysical	 variables,	
especially	in	the	presence	/	absence	model,	contrasts	with	similar	studies	at	larger	scales	
(Gallardo	 2014;	 Gallardo	 et	 al.	 2015).	 This	 is	 perhaps	 due	 to	 less	 variation	 in	 the	
biophysical	 variables	 within	 the	 study	 area	 compared	 with	 larger	 scales.	 Previous	
research	has	found	that	the	influence	of	climate	on	INNP	varies	depending	on	the	scale	
being	 analysed,	 and	 has	 the	 greatest	 impact	 at	 larger	 scales	 (Casado	 et	 al.	 2015).			
 40 
Minimum	 temperature	 had	 the	 strongest	 effect	 of	 the	 two	 environmental	 variables	
explored;	 this	 is	 in	accordance	with	similar	 studies	exploring	distributions	of	 invasive	
plants	(Gallardo	2014;	Gallardo	et	al.	2015)	as	well	non-invasive	plants	and	even	animals	
(Araújo	et	al.	2013),	at	larger	scales.	It	is	thought	that	the	reason	that	cold	temperatures	
have	 such	 a	 strong	 effect	 is	 because	 of	 the	 impact	 this	 has	 at	 the	 colonization	 and	
establishment	stages	of	invasion	(Theoharides	&	Dukes	2007;	Gallardo	2014).	
	
Our	 results	 also	 show	 that	 socio-economic	 variables	 can	 be	 important	 in	 predicting	
presence	and	abundance	of	INNP.	Japanese	knotweed	is	more	likely	to	be	present	and	


















and/or	 abundance	 of	 Japanese	 knotweed	 in	 social	 rented	 properties,	 because	 the	
transient	 nature	 of	 renters	 might	 result	 in	 less	 investment	 in	 garden	 management	
(Lerman	 &	 Warren	 2011).	 However,	 we	 found	 the	 opposite.	 This	 may	 be	 because	




government	 authorities,	 can	 be	 effective,	 particularly	 in	 deprived	 areas	 which	 our	
results	 suggest	 have	 greater	 likelihood	 of	 presence	 and	 abundance	 of	 Japanese	
knotweed.	Perhaps	a	strategy	similar	to	the	grants	provided	for	insulation	to	low	income	





and	 socio-economic	 variables	 in	 predictive	 modelling	 will	 give	 greater	 insight	 into	
processes	underlying	the	distribution	of	INNP	(Ramalho	&	Hobbs	2012).	This	in	turn	will	
increase	 the	 accuracy	 and	 utility	 of	 such	 predictions	 in	 informing	 policy	 and	
management	guidelines,	and	in	guiding	decisions	about	where	to	focus	INNP	control	and	
monitoring.	 To	 reduce	 the	 spread	 and	 impacts	 of	 INNP	 it	 is	 necessary	 to	 further	
understand	 the	 factors	 contributing	 to	 the	 relevant	 behaviours,	 motivations,	 and	
limitations	underlying	the	socio-economic	variation.	Furthermore,	our	study	was	only	






















	 Moran’s	I = -0.130,	p	=	1	
R2	=	0.463,	AIC	=	3139.1	
Building	cover	(logged)	 2.834		±	 0.144	***	 1.00	 	 2.499	 ±	 0.162	***	 1.00	
Land	area	 0.929	 ±	 0.125	***	 1.00	 	 1.139	 ±	 0.145	***	 1.00	
Minimum	temperature	 0.527	 ±	 0.086	***	 1.00	 	 0.594	 ±	 0.102	***	 1.00	
Maximum	temperature	 -0.500	 ±	 0.084	***	 1.00	 	 -0.367	 ±	 0.099	***	 1.00	
Percentage	of	properties	
socially	rented	
-0.440	 ±	 0.079	***	 1.00	 	 -0.323	 ±	 0.096	***	 1.00	
Index	of	Multiple	
Deprivation	
0.399	 ±	 0.085	***	 1.00	 	 0.314	 ±	 0.104	**	 1.00	
Percentage	of	properties	
privately	rented		
-0.188	 ±	 0.079	*	 0.87	 	 -0.114	 ±	 0.096		 0.43	





	 Moran’s	I = -0.009,	p	=	0.700	
AIC	=	4937.8,	R2	=	0.144	
Building	cover	(logged)	 0.939	 ±	 0.107	***	 1.00	 	 0.828	 ±	 0.111	***	 1.00	
Index	of	Multiple	
Deprivation	
0.460	 ±	 0.082	***	 1.00	 	 0.376	 ±	 0.089	***	 1.00	
Minimum	temperature	 0.231	 ±	 0.072	**	 1.00	 	 0.238	 ±	 0.092	**		 0.94	
Maximum	temperature	 -0.174	 ±	 0.073	*	 0.88	 	 -0.198	 ±	 0.090	*	 0.81	
Percentage	of	properties	
socially	rented	
-0.146	 ±	 0.067	*		 0.81	 	 -0.100	 ±	 0.077	 0.46	
Percentage	of	properties	
privately	rented	
-0.065	 ±	 0.070	 0.36	 	 -0.050	 ±	 0.081	 0.29	










of	 presence	 (continuous);	 b)	 binary	 predicted	 likelihood	 of	 presence	 (threshold	












A	 key	 finding	 from	 chapter	 two	 is	 that	 building	 density	 is	 the	 strongest	 predictor	 of	
presence	and	abundance	of	Japanese	knotweed.	This	suggests	that	Japanese	knotweed	
is	most	abundant	in	urban	areas.	As	domestic	gardens	comprise	a	large	percentage	of	
urban	areas,	 they	are	 therefore	a	 key	 focus	of	 the	 remaining	 chapters	 in	 this	 thesis.		
Another	 key	 finding	 of	 chapter	 two	 is	 that	 emerging	 anthropogenic	 social-economic	
processes	 also	 have	 an	 important	 role	 in	 determining	 presence	 and	 abundance	 of	
Japanese	knotweed.	One	social	process	within	gardens	that	might	be	spreading	INNP	
that	has	 received	 little	 research	attention	 is	 the	movement	of	 soil	between	gardens.	
Chapter	 three	determines	 the	quantities	and	 invasive	status	of	plants	moved	via	 soil	
between	gardens	and	compares	 it	with	soil	 from	commercial	housing	developments.	



























Anthropogenic	 activities	 are	 increasingly	 responsible	 for	 the	 dispersal	 of	 plants.	 Of	
particular	concern	is	anthropogenic	dispersal	of	problematic	invasive	non-native	plants.	









viable	 seeds	 in	 soil	 sourced	 from	 housing	 developments	 and	 domestic	 gardens	
respectively.	 In	 both	housing	development	 and	 garden	 samples,	 native	 species	were	
more	 abundant	 and	 species	 rich	 than	 non-native	 naturalised	 and	 invasive	 species.	
Buddleia	 (an	 invasive	 species)	 was	 the	most	 common	 species	 overall	 and	 in	 garden	
samples;	 this	 is	 likely	 due	 to	 multiple	 traits	 that	 adapt	 Buddleia	 to	 dispersal.	 The	
abundance	of	invasive	and	naturalised	species	was	significantly	higher	in	garden	than	in	
housing	 development	 samples,	 suggesting	 that	 informal	 movement	 of	 soil	 between	
gardens	poses	a	greater	risk	of	spreading	invasive	plants	than	commercial	sources.	The	






determining	 plant	 distributions	 (Thuiller	 et	 al.	 2006).	 However,	 the	 magnitude	 and	
impacts	 of	 anthropogenic	 dispersal	 are	 increasing	 at	 an	 unprecedented	 rate	 due	 to	
growth	in	global	trade	and	travel	(Banks	et	al.	2014).	Anthropogenic	activities	can	move	

















likely	 to	 increase	 as	 global	 demand	 for	 new	 houses	 grows.	 The	UK	 government,	 for	
example,	plans	to	build	1	million	new	homes	before	2020	(Prime	Minister’s	Office	2015).	
Estimating	 the	 quantity	 of	 soil	 moved	 between	 domestic	 gardens	 is	 difficult	 but	










gardening,	 to	 our	 knowledge,	 no	 research	 has	 empirically	 studied	which	 species	 are	
transported	 via	 these	 methods	 and	 in	 what	 quantities.	 Such	 research	 is	 critical	 for	













Soil	 samples	 were	 collected	 throughout	 west	 Cornwall,	 UK	 from	 a)	 commercial	
residential	housing	developments	(n	=	15),	which	were	at	different	development	stages,	






Samples	 were	 kept	 under	 controlled	 conditions	 to	 encourage	 germination	 (see	
Appendix	3.2	for	details).	Most	plants	were	identified	between	6	and	12	weeks,	though	









statistical	 analysis.	 Using	 a	 GLMM	 (Poisson	 distribution)	 the	 ‘abundance	 model’	
explored	 the	 effects	 of	 the	 explanatory	 variables	 ‘source’	 (housing	 development	 or	
garden),	 ‘native	 status’	 and	 ‘perennation’	 on	plant	 abundance	 (number	of	 individual	
plants	 per	 sample).	 Species	 was	 included	 as	 a	 random	 effect.	 To	 account	 for	 over-
dispersion,	 an	 observation	 level	 random	 effect	 was	 included,	 as	 this	 has	 been	
demonstrated	to	reduce	over-dispersion	of	the	type	we	observed	(Harrison	2014).	Using	
a	 GLM	 (Poisson	 distribution),	 the	 ‘species	 richness	model’	 explored	 the	 relationship	
between	the	explanatory	variable	‘native	status’	on	the	dependent	variable	of	‘species	
richness’	(number	of	species	per	sample).	It	was	not	possible	to	include	perennation	in	
the	 species	 richness	 model	 because	 within	 the	 samples	 were	 species	 with	 multiple	














invasive	 and	 0.1%	 (n	 =	 7)	 were	 unidentified.	 Buddleia,	 a	 non-native,	 comprised	 the	
largest	 proportion	 of	 species	 in	 all	 samples	 (13.9%,	 n	 =	 254)	 and	 in	 garden	 samples	
(25.7%,	 n	 =	 224).	 There	was	 large	 variation	 in	 the	 abundance	 of	 individuals	 in	 each	
sample,	particularly	within	native	species	(Figure	3.1).	Native	species	were	most	species	





Including	perennation	 in	 the	abundance	model	did	not	 improve	parsimony	 (assessed	
using	 AIC),	 and	 it	 was	 therefore	 omitted.	 Species	 abundance	 was	 not	 significantly	
different	between	sources,	or	between	invasive	and	native	plants.	However,	naturalised	
species	were	significantly	less	abundant	than	native	species	overall,	and	both	invasive	






Garden	 samples	 had	 significantly	 lower	 species	 richness	 than	 housing	 development	












The	 predominance	 of	 Buddleia	 in	 our	 samples	 was	 unsurprising	 considering	 its	
possession	of	multiple	 traits	 typical	of	 invasive	 species:	prolific	 seed	production,	 fast	
growth,	brief	juvenile	phase	and	small	seeds	(Tallent-Halsell	&	Watt	2009;	Kriticos	et	al.	
2011).	The	last	trait	is	particularly	important	for	transportation	within	soil.	Conversely,	








soil	 sourced	 from	 domestic	 gardens	 than	 from	 housing	 developments,	 informal	
movement	of	soil	between	gardens	is	more	likely	to	spread	INNP	than	is	the	construction	







In	 the	UK,	 regulations	and	guidelines	 influence	how	housing	developers	move,	store,	
process	and	dispose	of	soil	(DEFRA	2009;	Government	Environmental	Permits	2016),	and	





a	 priority.	 Furthermore,	 promoting	 awareness	 among	 domestic	 garden	 owners	 /	
managers,	of	the	need	to	monitor	imported	soil	for	INNPs	which	may	inadvertently	have	



















Intercept	 1.02	 0.11	 9.17	 ***	
Source	(garden)	 -0.17	 0.15	 -1.19	 NS	
Native	status	(invasive)	 -0.31	 0.34	 -0.9	 NS	
Native	status	(naturalised)	 -1.08	 0.44	 -2.46	 *	
Source	(garden)	x	native	status	(invasive)	 0.88	 0.41	 2.17	 *	
Source	(garden)	x	native	status	(naturalised)	 1.45	 0.56	 2.57	 *	
b)	Effect	of	source	and	status	on	species	richness	
R2	=	0.098	
Intercept	 2.43	 0.08	 31.65	 ***	
Source	(garden)	 -0.39	 0.12	 -3.19	 **	
Native	status	(invasive)	 -1.99	 0.25	 -7.83	 ***	
Native	status	(naturalised)	 -2.11	 0.31	 -6.78	 ***	
Source	(garden)	x	native	status	(invasive)	 0.42	 0.36	 1.18	 NS	
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by	 those	 responsible	 for	 them.	 If	 those	 responsible	 for	 the	 garden	 cannot	 recognise	
INNP,	 it	 increases	 the	 likelihood	 that	 the	 plant	will	 spread	 further	 and	 have	 greater	
ecological	 and	 socio-economic	 impacts.	 The	 ability	 to	 recognise	 INNP	 in	 the	 wider	
environment	 also	has	 benefits,	 as	 it	 increases	 the	ways	 the	public	 can	 contribute	 to	
citizen	science	projects	to	monitor	them.	Despite	the	benefits	that	the	ability	to	identify	
INNP	 can	 bring,	 no	 study	 has	 explored	 what	 levels	 of	 identification	 abilities	 exist	
amongst	the	public.	Chapter	four	explores	levels	of	identification	of	INNP,	as	well	as	less	






























Concern	has	been	expressed	over	 societal	 losses	of	plant	 species	 identification	skills.	
These	 losses	 have	 potential	 implications	 for	 engagement	 with	 conservation	 issues,	
gaining	 human	 wellbeing	 benefits	 from	 biodiversity	 (such	 as	 those	 resulting	 from	
nature-based	 recreational	activities),	 and	early	warning	of	 the	 spread	of	problematic	
species.	However,	understanding	of	the	prevailing	level	of	species	identification	skills,	
and	 of	 its	 key	 drivers,	 remains	 poor.	 Here,	 we	 explore	 socio-demographic	 factors	
influencing	plant	identification	knowledge	and	ability	to	classify	plants	as	native	or	non-
native,	employing	a	novel	method	of	using	real	physical	plants,	rather	than	photographs	






participants	were	 female,	 a	member	 of	 at	 least	 one	 environmental,	 conservation	 or	
gardening	organisation,	in	an	older	age	group	(than	the	base	category	of	18-29	years),	
or	a	resident	(rather	than	visitor)	of	the	study	area.	Understanding	patterns	of	variation	
in	 plant	 identification	 knowledge	 can	 inform	 the	 development	 of	 education	 and	
engagement	strategies,	for	example,	by	targeting	sectors	of	society	where	knowledge	is	












(Miller	 2005;	 Pilgrim	 et	 al.	 2008;	 Stagg	 &	 Donkin	 2013).	 This	 loss	 of	 familiarity	 and	
knowledge	is	cause	for	profound	concern	as	it	may	lead	to	reduced	appreciation	of	the	






tracking	 of	 the	 spread	 of	 problematic	 invasive	 non-native	 species,	 where	 early	




mixed	 results.	 For	 example,	 one	 investigation	 found	 Slovakian	 elementary	 school	
children	(aged	10-15)	and	university	students	were	able	to	identify	30-48%	of	common	
bird	species	 (Prokop	&	Rodak	2009),	another	that	children	aged	4-12	 in	Scotland,	UK	
were	 able	 to	 identify	 56,	 43	 and	 44%	 of	 arthropod,	 bird	 and	 mammal	 species	
respectively	 (out	of	40	species	randomly	drawn	from	68;	Huxham	et	al.	2006),	and	a	
third	 that	 children	 were	 better	 able	 to	 identify	 artificial	 Pokémon	 characters	 than	
common	 native	 wildlife	 (Balmford	 et	 al.	 2011).	 However,	 empirical	 evaluations	 of	
people’s	 identification	 skills	 are	 scarce	 and	 this	 is	 particularly	 true	 for	 plant	 species.	
Despite	 having	 the	 advantage	 of	 being	 immobile,	 relatively	 well	 described	 and	













in	 one	 analysis	 correctly	 identified	 buttercup	 Ranunculus	 spp.	 (Pilgrim	 et	 al.	 2008).	






Studies	 examining	 identification	 skills	 have	 tended	 to	 focus	 on	 particular	 sectors	 of	
society	(e.g.	students;	Bebbington	2005),	plants	associated	with	particular	locations	(e.g.	
Dallimer	et	al.	2012)	and,	with	one	notable	exception	(Stagg	&	Donkin	2013),	most	have	
used	 photographs	 or	 illustrations	 of	 species.	 Although	 several	 socio-demographic	
variables	 have	 been	 identified	 as	 important	 in	 predicting	 plant	 identification	 skills,	
including	 age	 (Bebbington	 2005;	 Pilgrim	 et	 al.	 2008;	Woodland	 Trust	 2013),	 gender	
(Wandersee	&	Schussler	1999;	Gatt	et	al.	2007)	and	level	of	education	(Stagg	&	Donkin	
2013),	their	relative	importance	has	seldom	been	explored.	Greater	understanding	of	























piloted	 several	 times	 before	 being	 formally	 administered	 to	 refine	 the	method	 and	
wording	of	the	questions,	following	guidance	from	Bernard	(2011).	
	
First,	participants	were	asked	 to	 identify	 samples	of	 real	plants,	using	a	mix	of	 fresh	
cuttings	 and	 potted	 plants	 purchased	 from	 a	 local	 garden	 centre.	 Using	 real	 plants,	
rather	than	images,	allows	the	participants	to	gain	a	better	idea	of	smell,	size	and	texture	
of	the	plants.	The	plants	used	comprised	six	natives:	Lavender	(Lavandula	angustifolia),	










were	 asked	 to	 include	 native	 and	 non-native	 plants	 that	 are	 actively	 planted	 and	
frequently	 valued,	as	well	 as	native	and	non-native	plants	 that	grow	wild	 in	gardens	
without	 assistance,	 and	 plants	 sometimes	 considered	 a	 nuisance	 (although	 this	 is	





















category;	 gender;	 education	 level;	 membership	 of	 environmental,	 conservation	 or	







and	 Cornwall	 averages	 (50.8%	 and	 51.6%	 respectively;	 (ONS	 2011),	 Table	 4.1).	 It	













environmental,	 conservation	 or	 gardening	 organisations;	 garden	 ownership;	 and	 if	
participants	 were	 resident	 in	 Cornwall	 or	 elsewhere	 in	 the	 UK	 –	 all	 categorical)	 on	
participants’	 abilities	 to	 name	 plants	 and	 classify	 plants	 as	 native	 or	 non-native	
(response	variables).	The	response	variables	were	entered	into	the	model	as	number	of	



















The	 relationships	 between	 responses	 to	 Likert-style	 questions	 exploring	 levels	 of	
support	and	motivation	for	learning	plant	identification	skills	(questions	3	to	6;	ordinal	
data)	and	socio-demographic	factors	were	analysed	using	a	cumulative	link	model	using	
the	 “ordinal”	 package	 (Christensen	 2014).	 Model	 averaging	 followed	 this	 using	 the	
 62 
method	outlined	 above.	Models	 using	 all	 five	 response	 categories	 did	 not	 converge,	




Participants	 scored	 a	 mean	 of	 62.8%	 (s.e.	 =	 0.19)	 when	 naming	 plant	 species.	









non-native,	 with	 Buddleia	 most	 commonly	 misclassified	 (Figure	 4.1b).	 Participants	
better	at	classifying	plants	as	native	or	non-native	were	male	and	had	post-graduate	
qualifications	(Table	4.2b	and	4.3b;	see	Table	A4.2	for	results	of	global	model).	However,	






names	of	 plants	was	 important	 to	 them.	Higher	 levels	 of	 support	were	 reported	 for	
children	being	taught	plant	names,	for	taking	opportunities	to	learn	plant	names,	and	
the	majority	(80%,	n	=	176)	disagreed	or	strongly	disagreed	that	they	had	no	motivation	
to	 learn	 plant	 names	 (Figure	 4.2).	 Socio-demographic	 factors	 were	 not	 significantly	











Using	a	novel	methodological	 approach	with	 real	plants,	 rather	 than	photographs	or	









participants	 correctly	 identified	 c.60%	 of	 common	 plant	 species,	 and	 were	 poor	 at	
recognising	 Japanese	knotweed	Fallopia	 japonica,	which	 is	 a	widespread	high	profile	
invasive	 non-native	 in	 the	 study	 region.	 Here	 we	 discuss	 our	 findings	 and	 their	
implications	 for	 engagement	 with	 conservation	 issues,	 the	 potential	 to	 gain	 human	






Although	not	 all	 non-native	plants	 cause	damage,	 those	 that	do	 can	have	 significant	
ecological	and	socio-economic	costs	(Simberloff	et	al.	2013).	Of	particular	concern	is	that	
the	widespread	and	problematic	invasive	non-native	plant	Japanese	knotweed	(Gozlan	











The	ability	to	 identify	 invasive	non-native	plants	 in	both	domestic	gardens	and	in	the	
wider	landscape	is	also	important	because	it	allows	people	to	contribute	towards	citizen	
science	projects	that	track	them	(Crall	et	al.	2012).	Data	generated	this	way	are	valuable	
for	 scientific	 research	exploring	 the	drivers	of	 the	distribution	of	 invasive	non-native	





most	 previous	 research	 using	 traditional	 methods	 of	 pictures	 and	 illustrations.	 For	
example,	one	study	in	Sheffield,	UK	found	that	visitors	to	an	urban	green	space	could	
identify	 only	 one	 out	 of	 four	 plant	 species	 common	 to	 that	 area	 from	 photographs	
(Dallimer	et	al.	2012).	Another	found	that	86%	of	UK	A-level	students	could	only	identify	
three	or	less	out	of	ten	wild	flowers	from	illustrations	(Bebbington	2005).	This	raises	the	
possibility	 that	 the	way	 in	which	 identification	 skills	 are	 tested	 could	 be	 particularly	
important	 to	 the	 outcome.	Using	 real	 plants	 is	more	 reminiscent	 of	 the	way	 people	
recognise	and	engage	with	plants	in	the	environment	as	participants	can	smell	and	touch	
them,	and	gain	a	better	idea	of	their	size.	Stagg	and	Donkin	(2013)	also	used	real	plants	
to	 test	 identification	 skills,	however	 they	used	potted	weeds,	 fresh	winter	 twigs	and	
dried	seed	heads.	The	latter	two	are	less	representative	of	what	one	would	see	in	the	




or	 gardening	 organisation,	 which	 was	 a	 significant	 factor	 in	 predicting	 better	




who	 are	 more	 interested	 in	 nature	 to	 begin	 with	 are	 more	 likely	 to	 join	 such	
organisations,	 and	 therefore	 reap	 the	 benefits	 such	 membership	 provides,	 such	 as	
increased	 access	 to	 nature	 reserves,	 volunteer	 opportunities	 and	 regularly	 receiving	
magazines	filled	with	nature-related	content.	However,	there	is	likely	to	be	some	level	




of	 protected	 areas	 in	 the	 UK	 by	 their	 users;	 Booth	 et	 al.	 2009),	 and	 environmental	
behaviour	 (e.g.	willingness	 to	 pay	 to	 prevent	 oil	 pollution	 in	 coastal	 areas;	 Liu	et	 al.	
2009).	
	
Our	 survey	 also	 asked	 about	 membership	 of	 gardening	 organisations,	 responses	 to	
which	included	national	organisations	such	as	the	Royal	Horticultural	Society	and	local	
gardening	organisations.	The	reasons	for	joining,	and	benefits	gained	from,	gardening	
organisations	 will	 likely	 differ	 from	 those	 for	 conservation	 and	 environmental	
organisations.	 Nevertheless,	 membership	 of	 such	 organisations	 could	 likely	 be	 an	
important	way	for	people	to	improve	plant	identification	skills.	Increasing	membership	
of	 conservation	 and	 environmental,	 as	well	 as	 gardening	 organisations,	 and	working	




from	 the	 rest	 of	 the	UK.	 This	 could	 be	 explained	 by	 the	much	 higher	 percentage	 of	
people	in	Cornwall	who	live	in	rural	areas	compared	with	the	rest	of	the	UK	(61.4%	and	
18.5%	 respectively;	ONS	 2011).	 The	 increasing	 percentage	 of	 the	world’s	 population	
living	in	urbanized	areas	(predicted	to	be	>80%	by	2050:	UN	2007)	has	frequently	been	
linked	 to	 reduced	access	and	opportunities	 to	engage	with	nature	 (Pyle	2003;	Miller	








an	 important	 factor	 in	 other	 ways	 that	 people	 engage	 with	 nature,	 for	 example,	
participation	 in	 bird	 feeding	 activities	 (Davies	et	 al.	 2012).	 It	 is,	 however,	 difficult	 to	
determine	the	causality	of	the	relationship	and	whether	younger	generations	will	gain	
plant	 identification	 skills	 later	 in	 life	 or	 if	 this	 knowledge	 is	 being	 lost	 in	 younger	
generations.	 As	 evidence	 indicates	 that	 encounters	 with	 nature	 at	 an	 early	 age	 are	







The	 least	 frequently	 reported	 pathways	 of	 learning	 plant	 identification	 skills	 were	
through	more	formal	methods	-	at	school	and	through	attending	courses.	It	is	important	
to	consider	how	investment	in	these	less	frequently	reported	pathways	could	improve	
plant	 identification	 knowledge.	 Consideration	 could	 be	 given	 to	 how	 changes	 to	 the	
school	curriculum	and	creative	methods	of	teaching	used	can	rectify	this,	as	called	for	
by	others	 (Wandersee	&	Schussler	1999;	Huxham	et	al.	2006;	Stagg	&	Donkin	2013).	
Attending	 courses	 was	 the	 least	 frequent	 way	 participants	 reported	 learning	 plant	
identification	 skills:	 only	 8.6%	 of	 participants	 reported	 learning	 this	 way.	 Whilst	







them.	 However,	 the	 contrast	 between	 only	 half	 of	 participants	 agreeing	 or	 strongly	
agreeing	 that	 learning	 plant	 names	 is	 important,	 and	 the	 high	 support	 reported	 for	
 67 














some	 plants	 still	 having	 cultural	 significance,	 plant	 identification	 skills	 have	 often	
















































































ability	 to	 classify	 plants	 as	 native	 or	 non-native.	 See	 Table	 4.1	 for	 descriptions	 of	
explanatory	variables.	The	base	categories	were:	 female;	education	 level	1	 (‘O’	 level,	
GCSE,	 or	 equivalent	 or	 less);	 member	 of	 no	 wildlife,	 conservation	 or	 gardening	











Intercept	 -0.276	 0.180	 0.181	 1.529	 0.126	
Age	(30-39)	 0.572	 0.174	 0.175	 3.263	 0.001	
Age	(40-49)	 0.870	 0.135	 0.136	 6.394	 <	0.001	
Age	(50-59)	 1.179	 0.142	 0.142	 8.288	 <	0.001	
Age	(60+)	 1.397	 0.147	 0.147	 9.477	 <	0.001	
Gender	(male)	 -0.699	 0.089	 0.089	 7.819	 <	0.001	
Member	of	(one)	 0.308	 0.112	 0.113	 2.739	 0.006	
Member	of	(two)	 0.424	 0.140	 0.141	 3.005	 0.003	
Member	of	(three)	 0.682	 0.149	 0.150	 4.547	 <	0.001	
Garden	(yes)	 0.259	 0.149	 0.150	 1.724	 0.085	
Lives	(rest	of	UK)	 -0.232	 0.095	 0.096	 2.424	 0.015	
b)	Ability	to	classify	plants	as	native	or	non-native		 	 	
Intercept	 0.875	 0.168	 0.169	 5.180	 <	0.001	
Age	(30-39)	 0.162	 0.188	 0.189	 0.857	 0.391	
Age	(40-49)	 0.168	 0.139	 0.140	 1.203	 0.229	
Age	(50-59)	 0.191	 0.142	 0.143	 1.339	 0.181	
Age	(60+)	 0.015	 0.135	 0.136	 0.111	 0.912	
Gender	(male)	 0.189	 0.092	 0.093	 2.041	 0.041	
Education	(2)	 0.137	 0.159	 0.160	 0.853	 0.394	
Education	(3)	 0.112	 0.150	 0.150	 0.745	 0.456	
Education	(4)	 0.197	 0.129	 0.130	 1.512	 0.130	
Education	(5)	 0.343	 0.140	 0.141	 2.438	 0.015	
Member	of	(one)	 -0.060	 0.109	 0.109	 0.552	 0.581	
Member	of	(two)	 0.104	 0.148	 0.149	 0.697	 0.486	
Member	of	(three)	 0.151	 0.139	 0.140	 1.082	 0.279	
Garden	(yes)	 0.194	 0.148	 0.149	 1.304	 0.192	










a)	Ability	to	correctly	name	plants	 	 	 	
-0.332	 Age	+	Gender	+	Member	of	+	
Garden	+	Live	
12	 -479.07	 983.6	 0.00	 0.514	
-0.163	 Age	+	Gender	+	Member	of	+	
Live	
11	 -480.65	 984.6	 0.93	 0.323	
-0.268	 Age	+	Gender	+	Member	of	 10	 -483.36	 987.8	 4.14	 0.065	
-0.412	 Age	+	Gender	+	Member	of	+	
Garden	
11	 -482.32	 987.9	 4.27	 0.061	
-0.288	 Age	+	Gender	+	Education	+	
Member	of	+	Garden	+	Live	
16	 -477.65	 990.0	 6.34	 0.022	
-0.097	 Age	+	Gender	+	Education	+	
Member	of	+	Live	
15	 -479.41	 991.2	 7.53	 0.012	
-0.209	 Age	+	Gender	+	Education	+	
Member	of	
14	 -482.32	 994.7	 11.06	 0.002	
-0.368	 Age	+	Gender	+	Education	+	
Member	of	+	Garden		
15	 -481.21	 994.8	 11.14	 0.002	
-0.200	 Age	+	Gender	+	Garden	+	Live	 9	 -492.45	 1003.8	 20.13	 0.000	
0.019	 Age	+	Gender	+	Live	 8	 -494.89	 1006.5	 22.83	 0.000	
b)	Ability	to	classify	plants	as	native	or	non-native		
0.990	 Gender	 3	 -407.631	 821.4	 0.000	 0.188	
0.819	 Gender	+	Garden	 4	 -406.820	 821.8	 0.450	 0.150	
0.993	 Gender	+	Live	 4	 -407.629	 823.4	 2.070	 0.067	
0.614	 Gender	+	Garden	+	Education	 8	 -403.476	 823.6	 2.260	 0.061	
0.837	 Gender	+	Education	 7	 -404.657	 823.8	 2.470	 0.055	
0.824	 Gender	+	Garden	+	Live	 5	 -406.800	 823.9	 2.510	 0.054	
0.924	 Garden	 3	 -409.154	 824.4	 3.050	 0.041	
0.968	 Gender	+	Member	of	 6	 -406.360	 825.1	 3.740	 0.029	
0.897	 Education	 6	 -406.418	 825.2	 3.860	 0.027	











































knowledge	 for	 a	 variety	 of	 topics.	 Content	 published	on	 the	 internet	 is	written	by	 a	
diverse	array	of	authors	with	different	motivations	for	disseminating	information.	This	
diversity	raises	the	question	of	how	variable	is	internet-based	information	on	a	certain	
topic	 and	 might	 the	 collective	 discourse	 be	 confusing	 for	 the	 reader.	 Chapter	 five	
analyses	internet-based	information	about	Japanese	knotweed,	explores	who	is	writing	

















Robinson	 B,	 Inger	 R,	 Crowley	 LS,	 Gaston	 KJ	 (2016)	 Weeds	 on	 the	 web:	 conflicting	

















Using	 content	 analysis,	 an	 approach	 seldom	 employed	 in	 an	 ecological	 context,	 this	
study	 analysed	 variation	 in	 internet-based	 information	 sources	 regarding	 INNP	 to	
determine	 how	 this	 collective	 discourse	 might	 influence	 risk	 perceptions	 and	
management	 decisions	 for	 domestic	 garden	 owners/managers.	 We	 used	 Japanese	
knotweed	Fallopia	japonica	in	the	UK,	as	a	case	study,	as	it	is	one	of	the	most	ecologically	
and	economically	damaging	INNP	in	the	region.	Analysis	categorised	the	types	of	author	




We	 identified	 five	 author	 categories:	 environmental	 NGOs,	 control	 companies,	
government,	 media	 and	 the	 property	 market.	 There	 was	 extensive	 variation	 in	
document	 structure,	 topics	 discussed,	 references	 and	 links	 to	 other	 sources,	 and	
language	 style;	 sometimes	 this	 variation	was	between	 author	 categories,	 sometimes	
within	 author	 categories.	 The	most	 significant	 variation	 in	 topics	 discussed	 between	
author	 categories	 was	 indirect	 socio-economic	 problems,	 with	 control	 companies	
discussing	 these	 most.	 The	 number	 of	 pieces	 of	 legislation	 referenced	 and	 the	
proportion	of	militaristic	words	used	were	also	highly	 significantly	different	between	











The	 potential	 implications	 of	 our	 findings	 for	 the	management	 of	 INNP	 in	 domestic	
gardens	and	societal	perceptions	of	risks	posed	by	INNP	are	discussed.	To	help	prevent	
inappropriate	management	of	INNP	in	domestic	gardens,	we	recommend	that	local	and	
national	 authorities	 collaborate	 and	 work	 towards	 disseminating	 more	 consistent	












Planting	 in	 domestic	 gardens	 is	 a	major	 introduction	 pathway	 for	 non-native	 plants,	
some	of	which	subsequently	become	invasive	(Groves	et	al.	2005;	Smith	et	al.	2006).	
Invasions	are	doubtless	facilitated	by	the	high	areal	coverage	and	proportion	of	green	
space	 contributed	 by	 domestic	 gardens	 in	many	 western	 cities	 (Gaston	 et	 al.	 2005;	
Loram	et	al.	2007;	Gaston	&	Gaston	2011).	Given	that	gardens	can	also	play	important	




Qvenild	 et	 al.	 2014).	 There	 is	 considerable	 variation	 in	 public	 awareness	 and	
understanding	 of	 INNP	 (Gozlan	 et	 al.	 2013),	 and	 in	 the	 extent	 and	 form	 of	 INNP	
management	(van	Heezik	et	al.	2013).	Furthermore,	a	recent	study	found	that	<20%	of	
a	sample	of	the	UK	public	could	identify	Japanese	knotweed	Fallopia	japonica	(chapter	
four),	 an	 INNP	 of	 particular	 concern	 in	 this	 region	 (Gozlan	 et	 al.	 2013).	 However,	




Knowledge	 and	 understanding	 of	 INNP	 and	 their	 management	 can	 be	 obtained	 by	
members	 of	 the	 public	 from	 multiple	 sources	 (Defra	 &	 GBNNSS	 2009),	 such	 as	
government	authorities,	environmental	professionals,	media	(formal	and	informal)	and	
word	of	mouth.	These	sources	are	accessible	-	along	with	many	others	-	via	the	internet.	
As	the	 internet	 is	one	of	the	most	regularly	accessed	sources	of	 information	 in	many	
westernised	societies	 today	 for	a	 range	of	 topics	 (Flanagin	&	Metzger	2000;	Miller	&	
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Bartlett	2012),	a	significant	amount	of	information	on	INNP	in	domestic	gardens	will	be	
obtained	 in	 this	 way.	 This	 is	 reflected	 in	 a	 Google	 Trends	 analysis,	 which	 shows	












Given	 that	 a	 diverse	 range	 of	 authors	 with	 different	 motivations	 disseminate	
information	about	INNP,	this	raises	the	questions:	how	variable	(or	consistent)	 is	this	
information?	And	how	might	this	influence	risk	perceptions	and	management	decisions	
by	 those	 people	 responsible	 for	 INNP	 in	 domestic	 gardens?	 Secondary	 information	
sources	 can	 be	 particularly	 influential	 on	 risk	 perceptions	 when	 people	 lack	 direct	
experience	of	phenomena.	Variation	in	how	people	interpret	these	secondary	sources,	
combined	 with	 their	 knowledge/experience	 of	 similar	 risks,	 can	 create	 social	
amplification	of	risk.	This	can	manifest	itself	in	individual	behavioural	decisions,	which	
can	have	social	and	economic	consequences	(Pidgeon	et	al.	2003).	Variation	in	source	







sources	 may	 vary	 in	 the	 language	 they	 use,	 a	 subject	 that	 has	 received	 increasing	










Understanding	 variation	 in	 internet	 discourse	 about	 INNP	 can	 help	 governmental	
authorities	 target	 and	 improve	 their	 communication,	 thereby	 potentially	 improving	
societal	 understanding	 of	 current	 best	 management	 practices	 for	 INNP	 in	 domestic	
gardens,	and	subsequently	reducing	their	spread	and	 impacts.	 Japanese	knotweed	 in	
the	UK	is	used	as	a	case	study	as	this	is	a	region	in	which	it	causes	widespread	and	serious	




Japanese	 knotweed	 in	 the	UK	 constitutes	 a	 valuable	 case	 study	 for	 several	 reasons.	
Originally	 introduced	 for	ornamental	purposes	 in	 the	mid-1800s,	 Japanese	knotweed	
has	since	become	widespread	and	problematic	(Beerling	et	al.	1994).	It	spreads	highly	
efficiently	by	vegetative	reproduction	(Engler	et	al.	2011)	and	can	regenerate	from	just	
a	 few	 grams	 of	 rhizome	 (Sasik	 &	 Pavol	 2006).	 It	 causes	 ecological	 disturbance	 by	
outcompeting	other	plants	 (Engler	 et	al.	 2011),	and	 through	allelopathy,	 suppressing	
their	growth	(Dommanget	et	al.	2014).	This	has	consequences	for	organisms	at	other	
trophic	 levels,	 by	 altering	 habitat	 structure	 or	modifying	 availability	 of	 food	 sources	














search	 (omitting	 sponsored	 links	 and	 duplicates)	 that	 provided	management	 advice,	
general	information	or	news	articles	were	saved	–	these	are	referred	to	as	‘documents’	
hereafter.	Where	websites	 contained	multiple	 pages	 relating	 to	 Japanese	 knotweed,	
and	these	were	 immediately	 identifiable	from	the	website’s	menu,	all	 relevant	pages	




Author	 categories	 were	 developed	 and	 assigned	 to	 each	 document	 (Table	 5.1).	






text)	 to	 ascertain	 meaning	 and	 potential	 consequences	 (Bernard	 2011;	 Krippendoff	






approaches	 were	 used	 to	 develop	 codes,	 drawing	 from	 existing	 literature	 on	 INNP	
discourse	 and	 environmental	 management.	 Codes	 were	 then	 refined	 through	
discussions	between	authors	and	a	focus	group	of	both	social	and	natural	scientists.	To	
check	for	coding	bias,	25%	of	randomly	selected	documents	from	each	author	category	





























The	 topics	 discussed	 within	 different	 documents	 potentially	 affect	 the	 reader’s	
knowledge	and	understanding	about	what	the	problems	of	INNP	are,	whether	and	why	







introduced	 range.	 The	 codes	were:	 Japanese	 knotweed…	 grows	 fast;	 grows	 tall;	 can	





b)	 Problems	 caused:	 A	 ‘problem’	 was	 defined	 as	 any	 (real	 or	 potential)	 negative	
consequence	 of	 Japanese	 knotweed	 presence.	 The	 primary	 coder	 identified	 an	





i)	 Direct	 socio-economic	 problems	 directly	 affecting	 the	 human	 environment	 by	
physically	altering	either	natural	or	human-made	structures.	The	codes	were:	Japanese	
knotweed	 can…	 damage	 gardens;	 increase	 flood	 risk;	 damage	 hard	 human-made	




ii)	 Indirect	 socio-economic	 problems	 arise	 because	 direct	 socio-economic	 effects	 of	
Japanese	knotweed	have	knock-on	second	order	impacts	on	the	social	environment	or	
have	 potential	 associated	 economic	 costs.	 The	 codes	 were:	 Japanese	 knotweed…	 is	
costly	 to	 eradicate	 or	 control;	 reduces	 land	 /	 property	 value;	 can	 cause	 mortgage	

























Two	 types	 of	 language	 style	 were	 analysed,	 informed	 by	 literature	 on	 INNP	 and	
environmental	discourses:	science/technology	and	militaristic.	For	analysis	of	language	
style	 words	 were	 initially	 drawn	 from	 examples	 used	 in	 similar	 analyses	 (Webb	 &	
Raffaelli	 2008	 for	 science/technology;	 Larson	 2005	 for	militaristic	words).	 Additional	
words	identified	within	these	styles	by	the	coders	were	added	to	the	analysis.	Words	
were	coded	as	many	times	as	they	arose,	but	omitted	if	they	had	negative	qualifiers	or	
were	 part	 of	 a	 name.	 The	 proportion	 of	 words	 within	 a	 document	 using	 these	
terminologies	was	calculated.	
	
a)	 Science/technology	 terminology:	 Words	 relating	 to	 science	 and	 technology	 may	
contribute	towards	an	increase	in	perceived	legitimacy	of	the	source	(Webb	&	Raffaelli	
2008).	 	 Words	 coded	 were:	 ecologist;	 ecology;	 biologist;	 biology;	 scientific;	 data;	












combined	 to	 increase	 sample	 size	and	 statistical	power	of	analyses	 (e.g.	mainstream	
media	and	other	media	combined,	see	Table	5.1).	For	the	response	variables	of	word	
count	 (log	 transformed)	 and	 proportion	 of	 words	 per	 document	 with	 a	 scientific	 or	
militaristic	association	(arc-sine	square	root	transformed)	(elements:	1a;	4a;	and	4b	of	




The	 following	 response	 variables	 were	 explored	 using	 generalized	 linear	 models	
(Poisson	distribution)	and	interpreted	by	comparing	the	full	model	with	the	null	model	
using	the	Chi	squared	statistic	and	P	value:	number	of	occurrences	of	 (i)	problematic	
traits,	 (ii)	direct	 socio-economic	problems,	 (iii)	 indirect	 socio-economic	problems,	 (iv)	
ecological	 impacts,	 (v)	 specific	 organisations	 signposted	 and	 links	 provided,	 and	 (vi)	
legislation	referenced	(elements:	2a;	2b.i;	2b.ii;	2b.iii;	3a;	and	3b	of	part	(i)	of	analysis	




















Word	 searches	 were	 used	 to	 identify	 sections	 of	 local	 government	 documents	 that	
contained	advice	on	waste	material	disposal.	Words	searched	were:	disposal,	rubbish,	





Of	 the	 104	 documents	 included	 in	 the	 final	 analysis	 five	 author	 categories	 were	
identified,	with	 two	 broken	 down	 into	 sub-categories	 (Table	 5.1;	 see	 Table	 A5.1	 for	
author	categories	descriptions	and	list	of	documents).	The	local	government	and	control	






Number	 of	 words	 per	 document	 was	 not	 statistically	 different	 between	 author	
categories	(F4,99	=	1.82,	P	=	0.132;	Figure	5.2a).	The	average	length	of	a	document	was	
1575.6	 (s.e	 =	 276.3)	words:	 the	 shortest	was	 188	words,	 the	 longest	 22,305.	Within	
documents	 from	 local	 government	 sources	 there	was	 considerable	 variation	 in	word	















mentioned	 (Figure	 5.3b).	 The	 most	 frequently	 mentioned	 direct	 socio-economic	




(media	 document).	 Other	 authors	 were	 more	 circumspect,	 explaining	 that	 damage	
caused	 depends	 on	 the	 type	 of	 structure;	 damage	 to	 temporary	 structures	 such	 as	





significantly	 different	 between	 author	 categories	 (χ24	=	 27.75,	 P<0.001;	 Figure	 5.2d).	
Control	 companies	mentioned	 these	 problems	 most	 frequently,	 and	 environmental	
NGOs	least.	No	indirect	problems	were	mentioned	by	30%	(n	=	9)	of	local	government	
documents	 (Figure	 5.3c).	 The	 indirect	 socio-economic	 problem	 mentioned	 most	
frequently,	 in	51.9%	(n	=	54)	of	documents,	was	that	 Japanese	knotweed	 is	costly	 to	
control.	 Some	 documents	were	 vague	 about	 cost	 -	 one	 local	 government	 document	
simply	 noted,	 “it	 can	 be	 expensive”,	 whereas	 others	 attempted	 to	 quantify	





of	 Japanese	 knotweed	 can	 add	 10%	 to	 the	 budget	 of	 a	 development.	 The	 cost	 of	




The	 number	 of	 ecological	 problems	 discussed	 per	 document	 was	 not	 significantly	
different	between	author	categories	and	had	large	standard	errors	around	the	mean	(χ24	
=	6.63,	P	=	0.157;	Figure	5.2e).	No	ecological	problems	at	all	were	mentioned	in	16.7%	
(n	 =	 5)	 of	 local	 government	 documents	 (Figure	 5.3d).	 The	most	 common	 ecological	
problem,	mentioned	 in	 56.7%	 (n	 =	 59)	 of	 documents,	 was	 that	 Japanese	 knotweed	
outcompetes	other	plants.	Some	documents	communicated	this	in	neutral	language;	for	
example,	 one	 local	 government	 document	 noted	 that	 Japanese	 knotweed	 “often	
outcompetes	 existing	plant	 communities”.	Others	 expressed	 this	more	 sensationally,	
e.g.	“it	smothers	rival	plants”	(mainstream	media	document).	
	
The	 number	 of	 organisations	 referenced	 per	 document	 did	 not	 differ	 significantly	
between	 author	 categories	 (χ24	 =	 4.59,	 P	 =	 0.332;	 Figure	 5.2f).	 The	most	 commonly	
referenced	 organisation,	 mentioned	 by	 75.9%	 (n	 =	 79)	 of	 documents,	 was	 the	




industry,	 but	 are	 freely	 available	 and	 also	 relevant	 to	 homeowners.	 A	 link	 to	 the	





different	 between	 author	 categories	 (χ2	 4	 =	 39.49,	 P<0.001;	 Figure	 5.2g).	 Control	
company	 and	 government	 documents	 referenced	 most	 legislation,	 and	 media	 and	










The	 proportion	 of	 science/technology	 words	 per	 document	 was	 not	 statistically	
significantly	different	between	author	categories	(F4,99	=	0.60,	P	=	0.661,	Figure	5.2h).	
However,	the	two	documents	with	the	highest	proportion	of	scientific	words	contained	












All	 local	 government	 documents	 provided	 some	 advice	 on	 disposal	 of	 Japanese	
knotweed	(n	=	30).	Some	of	this	advice,	however,	related	only	to	prohibited	actions,	e.g.	
“Cut	 material	 must	 not	 be	 removed	 from	 site	 and	 cannot	 be	 composted”,	 thereby	
providing	little	direction	as	to	best	management	practice.	Other	documents	gave	very	
detailed	advice,	subdivided	into	recommended	practices	for	onsite	and	offsite	disposal.	
Contact	 details	 for	 companies	 that	 dispose	 of	 Japanese	 knotweed	were	 provided	 by	












Analysis	 revealed	 repetition	 of	 sentences,	 or	 even	 paragraphs,	 between	 local	














The	 author	 category	 containing	 the	 highest	 number	 of	 documents	 was	 local	
government,	followed	by	control	companies,	then	media,	suggesting	that	these	sources	






The	 most	 significant	 variation	 in	 topics	 discussed	 between	 author	 categories	 was	
indirect	socio-economic	problems	(e.g.	devaluing	property).	Many	of	these	are	emerging	
issues	 at	 present	 specific	 to	 Japanese	 knotweed	 in	 the	 UK.	 It	 is	 important	 to	 raise	
awareness	 about	 the	 potential	 socio-economic	 problems	 associated	 with	 Japanese	
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knotweed,	as	this	facilitates	development	and	implementation	of	mitigation	strategies.	
However,	 incomplete	 or	 inaccurate	 communication	 about	 them	 could	 inflate	 or	
attenuate	risk	perception.	Unfortunately,	maintaining	clear	and	accurate	messages	can	





For	 some	 authors,	 focusing	 on	 potential	 socio-economic	 problems	 associated	 with	
Japanese	 knotweed	 could	 be	 an	 advantageous	 rhetorical	 tool.	 For	 example,	 control	
companies	 referred	most	 frequently	 to	 potential	 indirect	 and	 direct	 socio-economic	






the	 risks	 associated	 with	 Japanese	 knotweed,	 they	 may	 be	 more	 likely	 to	 employ	









topics	 discussed,	 links	 to	 further	 references	 and	 legislation	 discussed.	 Furthermore,	
conflicting	 management	 advice	 was	 identified	 within	 local	 government	 documents	
regarding	how	to	dispose	of	Japanese	knotweed	waste	material.	This	raises	the	concern	
that	 if	 those	responsible	 for	domestic	gardens	consult	only	 the	website	of	 their	 local	






for	 several	 reasons.	 First,	 the	 EA	works	 closely	with	other	 government	 agencies	 and	
departments,	 local	 councils	 and	 communities	 (EA	 2014)	 and	 indeed,	 the	 report	was	
written	 with	 input	 from	 Defra	 and	 National	 Rail.	 This	 collaborative	 approach	 to	
dissemination	 arguably	 strengthens	 the	 validity	 and	 legitimacy	 of	 information	 given.	
Second,	the	document	has	undergone	several	revisions	to	keep	 it	up	to	date.	Finally,	
government	organisations	have	a	formal	responsibility	to	provide	accurate	information.	






As	 previously	 mentioned,	 the	 document	 style	 adopted	 depends	 on	 the	 author’s	
motivation,	and	 is	 in	part,	 likely	due	to	 lack	of	scientific	consensus	on	the	severity	of	
impacts.	Some	documents	discussed	the	potential	problems	of	Japanese	knotweed	in	
neutral	 terms,	 whilst	 others	 expressed	 opinions	 more	 forcefully,	 and	 demonstrated	
evidence	 of	 hyperbole.	Media	 documents	 used	 the	 most	 militaristic	 language	 and	
stronger	 rhetoric.	 Presumably	 these	 are	 journalistic	 tools	 to	 create	more	 stimulating	
stories,	however	concerns	have	been	expressed	that	inappropriate	language	could	have	
multiple	 consequences,	 including	 loss	 of	 scientific	 credibility	 and	 inaccurate	 societal	
perception	of	risk	of	INNP	(Larson	2005).	Media	content	analyses	covering	a	range	of	
human-wildlife	conflicts	have	highlighted	how	framing	of	these	issues	can	influence	risk	
perceptions	 and	 behaviours	 (Jacobson	 et	 al.	 2012;	 Sakurai	 et	 al.	 2013).	 Increased	














be	 regulated,	 it	 is	 important	 that	government	authorities	provide	clear,	detailed	and	
consistent	information	on	this	topic.	This	could	be	accomplished	by	providing	balanced	
and	neutral	discussion	of	a	range	of	potential	ecological	and	socio-economic	problems	
caused	 by	 INNP,	 communicating	 clear	 and	 consistent	 messages	 about	 appropriate	






multiple	 stakeholders	 for	 some	 documents,	 cross-referencing	 between	 local	 and	
national	 government	 documents,	 and	 referencing	 advice	 from	 authorities	who	 have	
invested	more	in	researching,	recording	and	promoting	public	understanding	of	 INNP	
(e.g.	Cornwall	Council).	Furthermore,	it	is	likely	that	a	lack	of	scientific	consensus	and	
knowledge	 gaps	 are	 contributing	 towards	 variation	 in	 internet-based	 discourse	
regarding	Japanese	knotweed.	It	is	important	that	the	scientific	studies	regarding	INNP	


















































Figure	 5.2	 Variation	 between	 author	 categories	 in	 mean	 number	 of	 a)	 words	 (log-
transformed);	 b)	 problematic	 ecological	 traits	 mentioned;	 c)	 direct	 socio-economic	
problems	 discussed;	 d)	 indirect	 a	 socio-economic	 problems	 discussed;	 e)	 number	 of	
ecological	problems	discussed;	f)	specific	organisations	referenced	and	links	provided;	









documents	 of	 number	 of	 a)	 problematic	 ecological	 traits	 discussed;	 b)	 direct	 socio-





















decisions	 within	 their	 gardens.	 It	 found	 large	 variety	 in	 the	 types	 of	 authors	
disseminating	information	about	the	impacts	and	management	of	Japanese	knotweed.	
Some	 of	 this	 information	 is	 potentially	 misleading,	 over-emphasises	 the	 risks	 and	
perhaps	collectively	is	confusing.	Chapter	five	discussed	the	different	portrayals	of	risk	
within	internet	discourse	and	considered	if	any	might	be	resulting	in	amplification	(or	
attenuation)	 of	 risk.	 It	 raises	 the	 point	 that	 how	 an	 individual	 decides	 to	 manage	
Japanese	 knotweed	 within	 a	 garden	 they	 are	 responsible	 for	 depends	 on	 their	
perception	 of	 the	 risks	 it	 poses	 therein.	 Despite	 a	 growing	 body	 of	 literature	 on	
perceptions	of	environmental	risks	generally,	including	some	on	INNP,	no	research	has	
specifically	 addressed	 perceptions	 of	 risk	 of	 the	 impacts	 that	 INNP	 can	 have	 within	
gardens.	Chapter	six	explores	perceptions	of	risk	of	INNP	within	domestic	gardens	and	
considers	the	predictors	of	these	risk	perceptions.	Identifying	predictors	of	perception	

























How	people	 perceive	 risks	 posed	 by	 invasive	 non-native	 plants	 (INNP)	 can	 influence	
attitudes	 and	 consequently	 behavioural	 decisions.	 Although	 some	 drivers	 of	 risk	
perception	 have	 been	 identified,	 research	 has	 not	 determined	 those	 for	 INNP	 in	










occupation,	 their	 direct	 experience	 of	 the	 species	 in	 a	 domestic	 context,	 their	
geographical	proximity	to	the	risk,	their	age	and	level	of	education.	Concern	about	the	
damage	Japanese	knotweed	could	do	to	the	structure	of	a	property	was	reported	as	the	





















and	 extent	 of	 the	 perception	 of	 such	 risks	 are	 inherently	 highly	 variable	 between	






is	debate	over	the	 levels	of	 rationality	and	subjectivity	 involved	(Slovic	1999;	Sjoberg	







attitudes	 towards	 it,	 and	 subsequently	 their	behaviour	 (Fischer	&	van	der	Wal	2007;	
Estévez	et	al.	2014).	For	example,	divergent	perceptions	about	the	risks	from	INNP	might	
result	in	conflict	over	management	approaches,	priorities,	or	even	in	opinions	regarding	









2013),	 and	 can	 cause	 high	 levels	 of	 anxiety.	 Mismanagement	 of	 INNP	 in	 domestic	




Church	 2004),	 opportunities	 to	 connect	 with	 nature	 (Restall	 &	 Conrad	 2015)	 and	
opportunities	 to	 gain	 ecological	 knowledge	 and	 skills	 (Barthel	 et	 al.	 2010),	 will	 only	
become	more	 important	 in	an	 increasingly	urbanised	world	 (UN	2010).	Similarly,	 the	







especially	 true	 of	 studies	 considering	 the	 perceptions	 of	 INNP.	 Studies	 that	 have	
examined	 perceptions	 of	 INNP	 in	 domestic	 gardens	 have	 largely	 focused	 on	 their	




In	 this	 paper,	 we	 employ	 a	 survey	 approach	 to	 determine	 the	 factors	 influencing	
people’s	perception	of	the	risks	from	INNP	in	domestic	gardens,	and	which	risks	concern	
them	most.	The	variables	selected	for	the	survey	as	potentially	influencing	perception	
of	 risk	 of	 INNP	 were	 chosen	 a	 priori	 based	 on	 knowledge	 of	 how	 they	 influence	
perceptions	 of	 other	 environmental	 risks.	 The	 results	 of	 this	 analysis	 help	 to	 reveal	
whether	and	why	people	might	develop	over-	or	under-	 inflated	perceptions	of	 risk.	
Furthermore,	 identifying	 predictors	 of	 perception	 of	 risk	 can	 assist	 in	 informing	 the	
design	 and	 targeting	 of	 risk	 communication,	 education	 and	 awareness	 strategies	 to	
reduce	the	ecological	and	socio-economic	impacts	of	INNP.	We	use	Japanese	knotweed	
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in	 the	 UK	 as	 a	 case	 study,	 as	 it	 exemplifies	 many	 of	 the	 risks	 surrounding	 INNP	 in	
domestic	 gardens,	 as	 well	 as	 having	 a	 number	 of	 additional	 risks	 when	 present	 on	







the	 study	 region,	 Cornwall.	 The	 ecological	 traits	 of	 Japanese	 knotweed	 make	 it	 a	
particularly	difficult	INNP	to	control	or	eradicate.	For	example,	it	can	regrow	from	a	small	
fragment	of	rhizome	(Colleran	&	Goodall	2014),	it	can	grow	fast	(Beerling	et	al.	1994),	








We	 used	 factors	 demonstrated	 as	 influencing	 perceptions	 of	 a	 broad	 range	 of	
environmental	 risks	 (e.g.	 flooding,	earthquakes,	 volcanic	eruptions	and	 landslides)	 to	
inform	 those	 included	 in	 the	 survey	 that	 might	 influence	 the	 perception	 of	 risk	 of	














two	possible	categories	of	 such	professions:	 i)	working	 in	 the	housing	market	
sector,	 including	 as	 estate	 agents,	 solicitors,	 architects,	 building	 surveyors	 or	









risk	 on	 information	 from	 secondary	 sources,	 for	 example	 friends,	 family	 or	 media	
(Kasperson	et	al.	1998).	Mass	media	has	been	found	to	be	the	most	common	way	of	




social	 and	 economic	 consequences	 (Renn	 et	 al.	 1992).	 Determining	 whether	 survey	
participants	who	only	receive	information	about	Japanese	knotweed	via	the	mass	media	
have	 under-	 or	 over-inflated	 perceptions	 of	 risk	would	 help	 understand	 if	 its	media	



















a)	Gender:	 the	 socio-demographic	 variable	 perhaps	 most	 commonly	 examined	 as	 a	
factor	 in	perception	of	 risk	 is	gender	 (Slovic	1999),	with	multiple	studies	 finding	 that	




perceptions	of	 risks	 (Karanci	et	al.	 2005,	Barberi	et	al.	2008,),	with	 those	with	 lower	
levels	of	qualifications	usually	having	greater	perception	of	risk	(Armaş	&	Avram	2009).		
c)	Age:	Many	studies	explore	the	influence	of	age,	often	finding	that	older	people	have	
a	 higher	 perception	 of	 risk	 (Kellens	 et	 al.	 2011),	 however,	 this	 is	 usually	 a	 weaker	








centre,	 one	 of	 the	 largest	 urban	 areas	 in	 Cornwall,	 were	 asked	 to	 participate.	
Participants	were	selected	at	random	and	those	who	did	not	have	time	to	complete	the	
survey	were	given	a	 flyer	promoting	 the	online	version.	 Second,	a	press	 release	was	
issued	advertising	the	online	version	of	the	survey,	in	which	INNP	were	not	mentioned	
to	avoid	creating	a	bias	in	participants.	Third,	participants	identified	as	likely	to	come	









first	 asked	 about	 perception	 of	 risk	 of	 Japanese	 knotweed,	 split	 into	 two	 questions	
addressing	(1)	perception	of	frequency,	and	(2)	perception	of	severity	of	impacts.	To	put	
this	into	context,	questions	were	also	asked	about	perception	of	risk	of	other	potential	
concerns	 on	 domestic	 property	 (ivy,	 large	 trees	 close	 to	 the	 property,	 gulls,	 bats,	
subsidence,	damp,	flooding,	dry	rot,	mundic	[deterioration	of	concrete	structures	due	
to	 inappropriate	materials	 used],	 and	 radon	 [a	 natural	 gas	which	 can	 have	 elevated	
levels	 inside	 some	 buildings	 and	 has	 associated	 health	 concerns]).	 These	 potential	
concerns	 were	 derived	 from	 semi-structured	 interviews	 with	 estate	 agents	 (see	
Appendix	6.2	for	details).		
	
The	 second	section	 focused	solely	on	 Japanese	knotweed.	Participants	were	asked	 if	
they	 had	 heard	 of	 this	 INNP.	 If	 they	 answered	 no,	 they	moved	 straight	 to	 the	 final	
section.	Questions	were	asked	to	determine	if	participants	had	had	Japanese	knotweed	









The	 third	 section	 collected	 background	 data,	 including	 socio-demographics	 (age,	
gender,	 level	of	education),	and	asked	questions	 that	allowed	us	 to	 identify	whether	
participants	 worked	 in	 an	 occupation	 where	 they	 regularly	 came	 across	 Japanese	
knotweed	(direct	professional	experience).	
	





60+	 age	 category	was	 24.3%	 and	 28.5%	 respectively	 (ONS	 2011).	 The	 percentage	 of	
participants	with	the	top	level	of	education	(first	degree	or	above)	was	higher	than	for	
the	region	(52.9%	and	26%	respectively;	ONS,	2011).	This	was	skewed	by	the	targeting	







responses	 to	 the	 following	 questions	 (1)	 ‘how	 frequently	 do	 you	 think	 the	 following	
occur	on	domestic	properties	 in	Cornwall?’,	 (2)	 ‘if	 the	 following	were	 identified	on	a	
property,	 how	 severe	 do	 you	 think	 the	 consequences	 could	 be?’.	 For	 each	 question	
participants	could	choose	from	five	levels	of	response	or	respond	‘no	idea	/	never	heard	
of’.	Responses	of	 the	 last	option	were	excluded	 from	analyses.	Explanatory	variables	
included	 in	 the	 maximal	 models	 were	 direct	 professional	 experience	 of	 Japanese	
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knotweed	(three-level	fixed	factor),	direct	domestic	experience	of	Japanese	knotweed	
(two-level	 fixed	 factor),	 indirect	 experience	 of	 Japanese	 knotweed	 (two-level	 fixed	
factor),	 increased	 geographical	 proximity	 to	 risk	 (two-level	 fixed	 factor),	 increased	
proximity	to	liability	of	risk,	(two-level	fixed	factor),	age	category	(five-level	fixed	factor),	
education	(four-level	fixed	factor)	and	gender	(two-level	fixed	factor;	Table	6.1).	As	the	
response	 variable	 was	 categorical	 we	 used	 cumulative	 link	 models	 using	 the	 ‘clm’	
function	 in	the	 ‘ordinal’	package	(Christensen	2014).	To	verify	whether	model	results	
were	 not	 due	 to	 differences	 in	 occupation,	 models	 with	 only	 participants	 whose	
occupation	did	not	involve	Japanese	knotweed	were	also	constructed.	
	
Following	 the	methods	 outlined	 in	 Grueber	 et	 al.	 (2011),	 we	 utilised	 a	multi-model	












idea’	 responses	 excluded).	 The	 number	 of	 participants	 within	 each	 sub-category	 of	
direct	 professional	 experience	 (other,	 housing	 market	 and	 ecology)	 who	 listed	 a	












Table	A6.2	 for	global	models).	Education	 remained	significant	 in	 the	model	 that	only	















occupation	 involved	 the	 housing	 market	 (11th),	 and	 participants	 whose	 occupation	
involved	ecology	ranked	it	lower	(8th;	Figure	6.2a).	Both	participants	whose	occupation	
involved	 the	 housing	market	 and	 ecology	 ranked	 the	 potential	 severity	 of	 Japanese	





gardens	 by	 participants	whose	 occupation	was	 ‘other’,	 or	 involved	 ecology,	was	 the	
potential	for	it	to	spread	to	adjacent	land,	whereas	this	ranked	second	for	participants	
whose	 occupation	 involved	 the	 housing	 market	 (Table	 6.3).	 Participants	 whose	
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occupation	 involved	 the	 housing	 market	 reported	 their	 primary	 motivation	 to	 be	
concern	about	damage	to	building	structure,	which	was	ranked	second	by	participants	

















of	 Japanese	 knotweed	 on	 domestic	 property,	 as	well	 as	 perception	 of	 the	 potential	
severity	of	consequences.	Participants	whose	occupation	involved	the	housing	market	
perceived	 the	 frequency	of	 Japanese	knotweed	on	domestic	property	as	 lowest,	but	
perceived	 the	 potential	 severity	 of	 the	 consequences	 as	 highest.	 Housing	 market	
professionals	are	likely	to	encounter	Japanese	knotweed	on	domestic	properties	if	it	is	
present,	and	 therefore	are	 likely	 to	have	more	accurate	knowledge	of	 the	 frequency	
with	which	it	occurs	therein	than	other	participant	groups.	This	increased	likelihood	of	
observing	 the	 problems	 that	 Japanese	 knotweed	 can	 cause	 in	 domestic	 gardens,	
including	 observation	 of	 particularly	 acute	 impacts,	might	 inflate	 their	 perception	 of	
severity	of	 risk.	The	perceptions	of	 those	whose	occupation	 involved	ecology	aligned	
more	 closely	 with	 participants	 who	 had	 no	 professional	 experience	 of	 Japanese	
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knotweed.	This	might	be	because	this	subset	included	participants	from	professions	that	
would	 not	 necessarily	 involve	 Japanese	 knotweed,	 or	 require	 knowledge	 about	 its	




Participants	 with	 direct	 domestic	 experience	 of	 Japanese	 knotweed	 or	 increased	
geographical	 proximity	 to	 risk,	measured	 as	 whether	 participants	 knew	 of	 Japanese	
knotweed	within	5km	of	their	home,	perceived	its	frequency	to	be	higher	than	those	






Direct	 domestic	 experience	 was	 not	 significant	 in	 predicting	 perception	 of	 severity,	
increased	geographical	proximity	to	risk	was.	This	could	be	because	the	consequences	
of	having	direct	domestic	experience	is	not	sufficiently	problematic	to	inflate	perception	





Two	 socio-demographic	 factors	 were	 significant	 predictors	 of	 perception	 of	 risk	 –	
education	 and	 age.	 Participants	 with	 the	 highest	 level	 of	 education	 (first	 degree	 or	
above)	had	a	significantly	lower	perception	of	the	frequency	of	Japanese	knotweed.	The	
reason	 for	 this	 might	 be	 similar	 as	 to	 why	 domestic	 experience	 and	 increased	
geographical	 proximity	 to	 risk	 had	 a	 significant	 effect	 –	 that	 people	 are	 basing	 their	









one	 accumulates	 conflicting	 viewpoints	 about	 INNP,	which	 contribute	 to	 inflation	 of	
perception	of	risk.	Alternatively,	it	might	not	be	a	function	of	age,	but	rather	experiential	




those	 with	 higher	 levels	 of	 education	 were	 more	 supportive	 of	 higher	 levels	 of	
management	 intervention	 of	 INNP	 in	 parks	 (Sharp	 et	 al.	 2011).	 Conversely,	 other	
research	 has	 found	 that	 in	 south-west	 Spain	 younger	 people	 were	 more	 aware	 of	
concerns	surrounding	INNP	(García-Llorente	et	al.	2008).	
	






significant	 in	predicting	either	perceived	 frequency	or	severity	of	 risk.	Perhaps	this	 is	
because	attitudes	to	dwellings	are	governed	more	by	a	sense	of	belonging,	rather	than	








management	 options	 of	 invasive	 species	 (Sharp	 et	 al.	 2011).	 Despite	 sensationalist	
headlines,	pictures	and	loaded	language,	factual	information	is	contained	within	some	









Concern	 about	 spread	 to	 adjacent	 land	 was	 reported	 as	 the	 top	 motivation	 for	
controlling	 Japanese	 knotweed	 in	 domestic	 gardens	 by	 all	 participant	 groups	 except	
those	whose	occupation	involved	the	housing	market,	who	ranked	it	second.	Similarly,	
perception	 of	 the	 threat	 from	 Japanese	 knotweed	 spreading	 was	 ranked	 top	 by	 all	
participant	groups.	This	is	perhaps	an	indication	of	the	high	level	of	concern	regarding	
the	uncontrollability	of	the	plant,	and	the	consequences	of	not	only	having	to	control	it	





involved	 ecology,	 as	 well	 as	 those	who	 had	 no	 professional	 experience	 of	 Japanese	
knotweed.	Interestingly,	however,	both	participant	groups	rated	their	perception	of	risk	
of	this	threat	as	relatively	 low.	A	number	of	 factors	might	have	 influenced	this.	First,	
perhaps	people	perceive	this	threat	as	one	they	can	realistically	mitigate,	therefore	are	
perhaps	more	 likely	 to	 take	 preventative	 action	 if	 required.	 Second,	 perhaps	 people	
perceive	the	consequences	of	this	threat	as	high,	which	is	a	reason	to	act	to	prevent	it,	
even	if	the	likelihood	of	it	occurring	is	low.	Lastly,	perhaps	the	scientific	uncertainty	of	
this	 risk	 manifests	 as	 conflicting	 information,	 which	 along	 with	 variation	 in	













Wachinger	et	al.	 2013).	 The	extent	 to	which	perceptions	of	 risk	are	based	on	values	
influences	 how	 difficult	 conflicts	 arising	 from	 different	 perceptions	 are	 to	 resolve	
(Estévez	et	al.	2014).	Furthermore,	the	lack	of	scientific	consensus	about	how	to	control	
Japanese	knotweed,	or	 if	 it	should	always	be	controlled	(Delbart	et	al.	2012),	 is	 likely	
contributing	 to	 the	 large	variation	 in	perceptions	of	 risk	about	 this	plant	 in	domestic	
gardens,	even	amongst	those	who	encounter	it	in	a	professional	context.		
	

































































Adjusted	SE	 Z	value	 Significance	 Relative	
importance	
a)	 	 	 	 	 	 	
1|2	 -3.569	 0.496	 0.497	 7.179	 ***	 	
2|3	 -1.888	 0.449	 0.450	 4.196	 ***	 	
3|4	 0.057	 0.426	 0.427	 0.133	 	 	
4|5	 1.638	 0.425	 0.427	 3.841	 ***	 	
Direct	professional	experience	(occupation	
involves	ecology)	
-0.461	 0.320	 0.321	 1.434	 NS	 1.00	
Direct	professional	experience	(occupation	
involves	housing	market)	
-1.724	 0.331	 0.332	 5.193	 ***	 	
Direct	domestic	experience	(true)	 0.899	 0.327	 0.329	 2.736	 **	 0.98	
Indirect	experience:	if	heard	only	from	mass	
media	(true)	
-0.393	 0.350	 0.351	 1.119	 NS	 0.39	
Proximity	to	risk:	know	Japanese	knotweed	
within	5km	(true)	
0.669	 0.229	 0.229	 2.913	 **	 1.00	
Proximity	to	risk:	if	own	property	(yes)	 -0.107	 0.254	 0.255	 0.419	 NS	 0.26	
Education	(level	2)	 -0.652	 0.468	 0.470	 1.387	 NS	 0.78	
Education	(level	3)	 -0.709	 0.375	 0.377	 1.881	 NS	 	
Education	(level	4)	 -0.974	 0.327	 0.329	 2.963	 **	 	






	 	 	 	 NS	 	
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b)	
1|2	 -1.744	 0.460	 0.461	 3.784	 ***	 	
2|3	 -0.001	 0.425	 0.427	 0.002	 NS	 	
3|4	 1.236	 0.440	 0.441	 2.803	 **	 	
4|5	 2.321	 0.461	 0.462	 5.019	 ***	 	
Direct	professional	experience	(occupation	
involves	ecology)	
0.414	 0.326	 0.327	 1.265	 NS	 0.76	
Direct	professional	experience	(occupation	
involves	housing	market)	
0.743	 0.319	 0.320	 2.322	 *	 	
Direct	domestic	experience	(true)	 0.292	 0.323	 0.325	 0.901	 NS	 0.33	
Indirect	experience:	if	heard	only	from	mass	
media	(true)	
0.570	 0.350	 0.352	 1.622	 NS	 0.57	
Proximity	to	risk:	know	Japanese	knotweed	
within	5km	(true)	
1.163	 0.235	 0.236	 4.928	 ***	 1.00	
Proximity	to	risk:	if	own	property	(yes)	 0.455	 0.287	 0.288	 1.578	 NS	 0.57	
Gender	(male)	 -0.339	 0.234	 0.235	 1.443	 NS	 0.49	
Education	(level	2)	 -0.209	 0.438	 0.439	 0.475	 NS	 0.54	
Education	(level	3)	 0.675	 0.376	 0.377	 1.790	 NS	 	
Education	(level	4)	 -0.054	 0.323	 0.324	 0.166	 NS	 	
Age	(30-39)	 0.747	 0.370	 0.371	 2.012	 *	 0.36	
Age	(40-49)	 0.742	 0.381	 0.382	 1.940	 NS	 	
Age	(50-59)	 0.735	 0.399	 0.400	 1.835	 NS	 	















Concern	it	will	spread	to	adjacent	land	 63	 1	 12	 2	 20	 1	
Concern	about	damage	to	structure	of	the	
house		
38	 2	 13	 1	 8	 3	
Concern	about	negative	impacts	on	other	
plants	
38	 2	 2	 6	 9	 2	
Concern	it	will	devalue	the	property		 18	 4	 10	 3	 5	 5	
Concern	about	potential	future	expenses	 10	 6	 4	 4	 6	 4	
Concern	about	damage	to	structure	of	the	
garden		
12	 5	 2	 6	 2	 6	
Concern	about	negative	impacts	on	animals	 9	 7	 0	 9	 2	 6	
Other	 5	 9	 3	 5	 2	 6	
I	would	have	no	motivation	to	take	action.	 6	 8	 2	 6	 0	 9	























Ivy Large trees 
close to property
Gulls BatsFloodsDamp Radon Subsidence
1 3 2 2 1 1 3 35 4 4 5 5 2 4 6 11 8 7 6 7 8 7 9 9 10 10 10 9 11 11 8 6
a)
Mundic Dryrot Japanese 
knotweed
IvyGullsSubsidence Radon Damp
































































































































































































This	 thesis	 thus	 far	 has	 focused	 on	 the	 processes	 that	 spread	 INNP	 in	 a	 human-
dominated	landscape.	As	INNP	spread,	so	do	the	ecological	and	socio-economic	impacts	
they	can	have.	The	details	of	the	economic	risks	that	INNP	pose	within	domestic	gardens	










































As	 a	 key	 driver	 of	 environmental	 change,	 invasive	 non-native	 plants	 (INNP)	 are	 of	
significant	global	concern.	Domestic	gardens	are	recognized	as	notable	sources	of	INNP,	
particularly	 in	 urban	 settings,	 and	 are	 one	 of	 the	 commonest	 contexts	 in	which	 the	





































Invasive	 non-native	 plants	 (INNP)	 are	 a	 major	 component	 of	 global	 environmental	
change	(CBD	2010;	Hulme	et	al.	2013).	Whilst	INNP	vary	greatly	in	the	risks	they	pose,	







usually	 commercial,	 such	 as	 agriculture,	 forestry	 and	 fisheries	 (Pimentel	et	 al.	 2005;	
Pimentel	2009;	Holmes	et	al.	2009;	Vilà	et	al.	2010).	For	 instance,	 the	 invasive	weed	
yellow	starthistle	Centaurea	solstitialis,	in	California,	USA,	resulted	in	economic	losses	
calculated	at	US$7.65	million	annually	due	to	reduced	livestock	forage	value,	and	control	




















the	 financial	 costs	 and	 anxiety	 levels	 incurred	 when	 INNP	 are	 present	 in	 domestic	
gardens	 can	be	high.	 Financial	 costs	 can	often	 include	herbicides,	 hiring	 contractors,	
specialist	equipment	(e.g.	herbicide	sprayer),	waste	disposal	of	plant	material,	and	time	
and	 labor	 (McDermott	 et	 al.	 2013).	 Individuals	 responsible	 for	 controlling	 INNP	 in	










public	perceptions	and	social	 context,	as	 these	can	 influence	management	decisions,	
management	success	and	risk	mitigation	behaviour	 (Kapler	et	al.	2012;	Estévez	et	al.	
2014).	 However,	 studies	 on	 perceptions	 of	 INNP	 tend	 to	 focus	 on	 opinions	 of	
conservation	 professionals	 (e.g.	 Gozlan	 et	 al.	 2013),	 horticultural	 professionals	 (e.g.	
Humair	 et	 al.	 2014)	 and	 commercial	 or	 experienced	 land	 managers	 (e.g.	 woodland	
owners;	 e.g.	 Kapler	 et	 al.	 2012).	 Studies	 exploring	 public	 perceptions	 of	 INNP	more	






a	 risk	 is	 low	 the	majority	of	people	derive	 information	and	 form	their	opinion	based	
indirect	 or	 secondary	 sources,	 mainly	 media	 and	 informal	 sources,	 e.g.	 friends	 and	
family	 (Kasperson	et	al.	 1998).	 Interactions	between	 these	 indirect	 sources,	 the	way	
people	interpret	such	information	and	previous	relevant	experience	and	knowledge	of	
the	risk,	or	closely	related	risks,	are	thought	sometimes	to	cause	social	amplification	of	





If	 social	 amplification	of	 risk	 is	 occurring	with	 INNP	 in	 domestic	 gardens,	 one	of	 the	
secondary	 effects	 could	 be	 to	 exacerbate	 variation	 in	 how	 such	plants	 are	managed	




negative	 implications	 for	 the	often	undervalued	biodiversity,	 ecosystem	services	and	




services,	 as	 they	 often	 provide	 a	 high	 proportion	 of	 urban	 greenspace	 and	 connect	
otherwise	fragmented	urban	landscapes	(Gaston	et	al.	2005;	Davies	et	al.	2009;	Gaston	
&	Gaston	2011).	In	the	UK,	for	example,	domestic	gardens	cover	>20%	of	land	area	in	
many	cities	(Loram	et	al.	2007).	 Increasing	urbanization	will	 increase	the	area	of	 land	
covered	by	domestic	gardens.	Many	important	human	wellbeing	benefits	from	domestic	
gardens	 have	 been	 documented,	 including	 increased	 physical	 and	 mental	 health	
(Freeman	et	al.	2012),	‘escapism’	(Gross	&	Lane	2007),	providing	a	space	for	leisure	and	
social	activities	(Bhatti	&	Church	2004),	connectedness	with	nature	(Restall	&	Conrad	
2015),	 and	 creating	 opportunities	 to	 share	 and	 gain	 ecological	 knowledge	 and	 skills	
(Barthel	et	al.	2010).	Domestic	gardens	are	particularly	significant	in	mitigating	general	
decreases	in	the	access	of	urban	residents	to	nature	(Freeman	et	al.	2012).	The	potential	
ways	 that	 direct	 and	 indirect	 experience	 might	 influence	 opinion	 forming,	 action	





risk	 for	 individuals,	 planning	 the	 appropriate	 level	 of	 investment	 in	 management,	
designing	 risk	 communication	 and	 guiding	 the	 required	 level	 of	 intervention	 and	
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assistance	from	environmental	authorities.	In	this	paper	we	explore	the	magnitude	and	
frequency	 of	 economic	 challenges	 presented	 by	 INNP	 on	 domestic	 properties	 and	
associated	public	perceptions.	Japanese	knotweed	Fallopia	japonica	in	the	UK	is	used	as	
a	case	study	as	it	provides	a	valuable	example	of	many	of	the	key	issues.	First,	we	outline	
the	background	 to	 the	 concerns	 around	 this	 species.	 Second,	we	explore	 a	 series	 of	
linked	questions	about	perceptions	and	knowledge	of	Japanese	knotweed	in	domestic	
gardens	and	particular	problems	that	have	been	encountered,	then	we	provide	evidence	





Japanese	 knotweed	 is	 a	 herbaceous	 perennial	 (see	 Bailey	 et	 al.	 2008	 for	 detailed	




2011).	 It	 causes	 ecological	 damage	 by	 outcompeting	 native	 plants,	 including	 via	
allelopathy	(Dommanget	et	al.	2014).	
	
Japanese	 knotweed	 can	 regenerate	 from	 a	 small	 fragment	 of	 rhizome	 (Sásik	&	 Eliáš	
2006),	grows	 fast	 (Beerling	et	al.	1994)	and	can	have	roots	up	 to	2	m	deep	and	7	m	
horizontally	(EA	2013).	These	traits	make	management	difficult,	particularly	in	domestic	


















3. “Japanese	 knotweed:	 the	 scourge	 that	 could	 sink	 your	 house	 sale”	
(www.guardian.com	2012).	
4. “Family	 finds	 house's	 value	 has	 halved	 after	 Japanese	 knotweed	 takes	 over	
garden”	(www.itv.com/news	2014).	
	




in	 south	Wales	 that	 was	 supposedly	 devalued	 considerably	 due	 to	 the	 presence	 of	
Japanese	knotweed	on	adjacent	unregistered	 land;	 subsequent	 reports,	 indicate	 that	
the	 situation	 was	 not	 as	 bad	 as	 first	 thought	 (e.g.	
www.knotweedservices.co.uk/japanese-knotweed-swansea/).	
	






2. “Japanese	 knotweed	 invasion	 is	 halting	 house	 sales	 as	 buyers	 are	 denied	
mortgages	on	blighted	properties”	(www.dailymail.co.uk	2013).	












property	 in	 the	 UK.	 The	 dominant	 two	 have	 been	 The	Wildlife	 and	 Countryside	 Act	
(1981)	under	which	it	is	‘an	offence	to	plant	or	cause	Japanese	knotweed	to	spread	in	
the	‘wild’	and	The	Environmental	Protection	Act	(1991)	which	dictates	that	any	waste	





people	 not	 controlling	 Japanese	 knotweed	 in	 their	 gardens,	 when	 it	 is	 having	 a	
detrimental	effect	of	a	‘persistent	or	continuing	nature	on	the	quality	of	life	of	those	in	







Multiple	 data	 collection	methods	were	 employed	 during	 summer	 2014	 to	 address	 a	














by	 the	presence	of	 Japanese	 knotweed	on	domestic	property,	 such	as	whether	 they	
perceive	it	to	be	a	problem	and	reasons	they	might	be	concerned.	A	survey	was	used	to	
obtain	data	on	these	issues.	Responses	were	gathered	between	July	and	December	2014	
from	 Cornwall	 residents	 in	 Truro	 city	 centre	 (the	 county	 town	 of	 Cornwall),	 and	 a	







about	 INNP	 far	 fewer	 had	 heard	 about	 specific	 local	 INNP	 (Daab	 &	 Flint	 2010).	 Of	
participants	who	had	heard	of	Japanese	knotweed,	self-reported	 levels	of	knowledge	
were	 mixed,	 with	 most	 participants	 having	 intermediate	 knowledge	 levels	 (27.9%;	
Figure	7.3).	
	
Perception	of	 risk	was	 assessed	using	 the	widely	 used	 combination	of	 perception	of	
frequency	of	 risk	and	perception	of	potential	 severity	of	 risk	 (Kasperson	et	al.	1998).	
38.7%	 of	 participants	 thought	 Japanese	 knotweed	would	 occur	 ‘frequently’	 or	 ‘very	
frequently’	on	domestic	properties	in	Cornwall	(Figure	7.4a).	Most	participants	thought	
that	 if	 Japanese	 knotweed	was	 identified	 on	 a	 property	 the	 consequences	 could	 be	
severe,	with	42.4%	choosing	the	top	two	levels	of	severity	(Figure	7.4b).	
	





This	 possibly	 reflects	 the	 legal	 and	 financial	 implications,	 or	 even	 concerns	 about	
encroachment	from	neighboring	properties	as	a	result	of	inaction	by	others.	
	




it	 themselves’,	 and	15.4%	selected	 the	 ‘other’	option.	The	decision	as	 to	whether	 to	
employ	professionals	is	dependent	on	a	number	of	variables,	for	instance	the	individuals’	



















Knowledge	 about	 INNP	 might	 be	 based	 on	 direct	 experience,	 however,	 if	 direct	
experience	of	Japanese	knotweed	is	low,	information	will	largely	be	based	on	indirect	
experience	obtained	from	secondary	sources.	Such	secondary	sources	might	be	either	



















therefore	 likely	 increased	 societal	 awareness,	 it	 remains	 unclear	 how	 prevalent	 it	
actually	 is	 in	 domestic	 gardens	 in	 the	 UK;	 direct	 surveys	 are	 challenging	 because	 of	




We	determined	 the	prevalence	of	 Japanese	 knotweed	on	domestic	 properties	or	 on	
adjacent	land,	bought	and	sold	within	Cornwall	over	the	past	five	years.	Two	methods	
were	 used.	 First,	 semi-structured	 interviews	 were	 conducted	 with	 estate	 agents	 or	
realtors,	either	in	person	(n	=	18),	by	phone	(n	=	5)	or	email	(n	=	1).	Realtors	were	located	
in	six	different	towns	and	villages	throughout	west	Cornwall.	In	the	majority	of	cases	a	


































buyer	 was	 interested	 in	 purchasing	 a	 property	 that	 had	 Japanese	 knotweed	 in	 the	
garden.	33%	of	helplines	said	they	would	not	do	so	under	any	circumstance.	The	others	
expressed	varying	requirements	about	guarantees	needed	and	how	in	the	majority	of	
cases	 it	 was	 at	 the	 discretion	 of	 the	 individual	 employee	 who	 visited	 to	 value	 the	
 129 
property.	 Second,	 Cornwall-based	 mortgage	 advisors	 identified	 through	 internet	
searches	were	emailed	and	asked	about	mortgages	they	had	processed	that	had	been	
refused	 because	 of	 Japanese	 knotweed.	 These	 (n	 =	 5)	 reported	 that	 out	 of	 3715	
mortgage	applications	within	Cornwall	0.13%	(n	=	5)	were	refused	over	 the	past	 five	
years	due	to	the	presence	of	Japanese	knotweed	on	the	property	or	on	adjacent	land.	






on	 a)	 the	 bank	 /	 building	 society	 employed,	 and	 b)	 the	 individual	 carrying	 out	 the	
assessment.	The	lower	occurrence	of	Japanese	knotweed	in	mortgage	applications	than	
























£20,000”	 (www.dailymail.co.uk	 2013)	 and	 £25,000	 (www.dailymail.co.uk	 2011).	
Guidelines	produced	by	the	Royal	Institute	of	Chartered	Surveyors	(2012)	estimate	that	
the	 cost	 of	 professionally	 clearing	 Japanese	 knotweed	 from	 a	 domestic	 property	
typically	ranges	from	£2,000-5,000.	They	outline	the	full	extent	of	costs	of	a	particularly	
bad	case	on	a	typical	three-bedroom	semi-detached	property	that	could	accumulate	to	
£15,413	plus	20%	VAT;	 this	 includes	drain	 replacement,	new	patio,	new	greenhouse,	
part	fence	replacement,	new	garage,	treatment	costs,	and	legal	and	professional	fees.	
The	 guidelines	 highlight	 that	 most	 cases	 rarely	 amount	 to	 this	 much	 and	 can	 be	







contractors.	 We	 emailed	 those	 listed	 on	 the	 Cornwall	 Council	 website	 that	 have	
completed	a	training	course	in	controlling/eradicating	Japanese	knotweed.	The	average	
cost	of	treating	Japanese	knotweed	in	a	typical	medium	sized	garden	reported	(n	=	6)	
was	 £205.50	 (incl.	 20%	 VAT;	 s.e.	 =	 24.53)	 per	 year,	 and	 takes	 typically	 3-5	 years.	
Therefore,	the	total	costs	range	from	£615-1,025.	83.3%	(n	=	5)	of	contractors	did	not	
offer	 a	 guarantee,	 a	 decision	 justified	 because	 of	 difficulty	 in	 confirming	 complete	
eradication.	 One	 large	 nationwide	 control	 company	 estimated	 treatment	 costs	 are	
typically	around	£3,725	plus	20%	VAT	(M.	Thompson,	Environet,	pers.	comm.),	which	
























result	 in	 unnecessary	 control	 actions	 being	 taken	 to	 minimise	 domestic	 garden	
management	in	response	to	INNP	presence	or	potential	presence,	such	as	paving	over	
some	 or	 all	 of	 the	 domestic	 garden.	 Such	 actions	 have	 the	 potential	 to	 reduce	 the	
wellbeing,	biodiversity	and	ecosystem	service	benefits	that	domestic	gardens	provide.	
Such	 impacts	 could	 become	 more	 acute	 under	 the	 large	 predicted	 increases	 in	












it	 is	 important	 control/eradication	 efforts	 continue.	 To	 maximise	 efficiency	 and	














The	 results	 of	 this	 study	 have	 important	 implications	 for	 how	 risk	 is	 communicated.	
Whilst	we	need	to	highlight	and	acknowledge	the	risks	and	impacts	of	INNP,	we	need	to	
communicate	 risks	 in	 a	 way	 that	 avoids	 hyperbole,	 does	 not	 further	 exacerbate	
problems	of	perception	and	does	not	contribute	to	new	problems	arising.	The	media,	
which	was	the	primary	source	of	public	information	on	Japanese	Knotweed	in	this	study,	
is	 particularly	 difficult	 to	 regulate.	 Therefore,	 it	 is	 paramount	 that	 government	
authorities	provide	clear,	detailed	and	consistent	information	that	are	widely	available	
on	this	topic.	Ecologists	can	also	contribute	to	improving	risk	communication	by	writing	
articles	 for	 the	media,	 talking	 to	 interest	 groups,	 e.g.	 gardening	 groups	 (Reichard	&	
White	2001),	and	contributing	to	management	advice	 literature.	Ultimately,	we	must	
work	towards	a	societal	understanding	that	the	vast	majority	of	occurrences	of	INNP	on	
domestic	 property	 can	 be	 dealt	 with	 without	 unreasonable	 or	 excessive	 cost	 and	
anxiety,	 and	 that	 their	 presence	 is	 one	 of	 many	 considerations	 when	 purchasing	
property	 (RICS	 2012).	 Achieving	 this	 will	 greatly	 assist	 with	 efforts	 to	 minimise	 the	

















































Table	7.2	 Commercial	 costs	of	disposal	of	 Japanese	knotweed	 from	one	of	 the	main	






Plant	material	from	above	ground	 £86	 £80	 £166	
Soil	containing	>1%	root	system	and	rhizome	 £36	 £80	 £116	




























Figure	 7.4	Results	 of	 survey	 for	 questions	 a)	 ‘how	 frequently	 do	 you	 think	 Japanese	


























an	 increasingly	 significant	 impact	 on	 the	 earth’s	 ecosystems.	 One	 of	 the	 greatest	
environmental	consequences	of	this	 is	the	 increased	movement	of	plants.	This	thesis	
aimed	 to	explore	 the	 implications	of	 the	 influence	of	 increasingly	human-dominated	
landscapes	 for	 the	 spread	 and	 impacts	 of	 invasive	 non-native	 plants	 (INNP).	Greater	
understanding	of	the	role	of	humans	in	the	spread	and	impacts	of	INNP	is	important	to	
conserve	 biodiversity,	 derive	 the	 human	well-being	 benefits	 that	 nature	 can	 deliver,	
provide	 guidance	 for	 policy	 and	 awareness	 campaigns	 and	 inform	 management	
decisions.	Using	Japanese	knotweed	as	a	case	study,	this	thesis	used	an	interdisciplinary	
approach	to	advance	scientific	knowledge	around	this	topic.	Key	findings	include:	
• The	 most	 important	 variables	 predicting	 the	 presence	 and	 abundance	 of	
Japanese	knotweed	are	 the	build	environment	 (building	density),	 followed	by	

















in	 the	 introduction	 (Figure	 1.1).	 The	 plant	 invasion	 process	 varies	 depending	 on	 the	
spatial	and	temporal	scales	considered	and	can	be	viewed	as	a	cyclic	process,	i.e.	the	
processes	 causing	a	plant	 to	 spread	 can	be	 the	 same	as	 those	 that	 introduce	 it	 to	 a	





most	 effective	 management	 interventions	 at	 the	 ‘introduction’	 stage	 is	 critical,	 as	
prevention	 is	 always	more	 cost	 effective	 than	 a	 reactive	 response	 (Davies	 &	 Sheley	
2007).	We	must	however,	accept	that	at	the	country	level,	eradication	of	many	INNP	is	











et	 al.	 2016).	 However,	 continuous	 large	 scale	 monitoring	 is	 expensive	 (Nichols	 &	
Williams	 2006).	 One	 solution	 that	 has	 been	 proposed	 is	 to	 use	 a	 model-based	
framework,	 incorporating	 multiple	 sources	 of	 information	 to	 identify	 areas	 where	
monitoring	 would	 be	 most	 effective	 (Vicente	 et	 al.	 2016).	 Chapter	 four	 (plant	
identification)	highlights	the	role	of	citizens	in	monitoring	in	the	wider	environment	as	
well	as	in	domestic	gardens.	Chapters	five	(weeds	on	the	web),	six	(risk	perceptions)	and	
seven	 (INNP	 in	domestic	 gardens)	 consider	 if	 social	 amplification	of	 risk	 is	occurring,	
which,	 if	 it	 is,	might	 result	 in	 some	 people	 being	 less	 forthcoming	 about	 submitting	
 142 





A	 recurring	 theme	 throughout	 this	 thesis	 is	 how	 the	 research	 can	 inform	policy	 and	








achieving	 impact.	 However,	 alternative	 publication	 forms	 and	 collaborations	 with	
appropriate	organisations	will	maximise	the	chances	of	this	research	being	impactful.	At	
the	 local	 level,	 collaborations	 with	 local	 government	 authorities	 can	 help	 research	
achieve	 impact;	 for	research	presented	 in	this	thesis	this	 is	Cornwall	Council.	 Indeed,	
some	 of	 the	 research	 presented	 here	 was	 only	 possible	 due	 to	 collaborations	 with	






one	 way	 this	 is	 achieved	 successfully	 is	 the	 short	 documents	 produced	 by	 the	
Parliamentary	Office	of	Science	and	Technology	that	summarise	research	findings	in	a	






This	 thesis	 focuses	 on	 the	 conventional	 methods	 of	 INNP	 control	 –	 chemical	 and	





are	 taken	 to	 minimise	 these	 risks,	 it	 has	 the	 potential	 to	 be	 extremely	 useful	 in	
controlling	 INNP,	 particularly	 in	 ecological	 sensitive	 areas,	 such	 as	 protected	 areas	
(van	Driesche	 &	 Center	 2013).	 The	 extent	 of	 the	 research	 and	 trials	 preceding	 the	





uses	 for	 them.	 For	 example,	 making	 furniture	 out	 of	 them	 (e.g.	 big-sage	 Lantana	













impacts	 Japanese	 knotweed	has	 in	 the	UK	 do	 not	 occur	 elsewhere	 in	 its	 geographic	
range,	nor	by	other	INNP	within	the	UK.	This	leads	us	to	the	question:	will	other	invasive	
















- ‘Japanese	knotweed:	The	plant	 that	 can	smash	concrete,	damage	houses	and	
survive	burning’	(Newsshopper.co.uk	2016).	
- ‘Hogweed	 and	 Japanese	 Knotweed	 'are	 killing	 Moray	 countryside'’	
(pressandjournal.co.uk	2015).	
- ‘Japanese	knotweed:	The	plant	that's	eating	B.C’	(macleans.ca	2015).	
- ‘Your	 backyard	 nightmare:	 false	 bamboo	 is	 true	 knotweed’	
(revelstokemountaineer.com	2015).	
This	 thesis	 analysed	 both	 the	 media	 online	 (mainstream,	 e.g.	 websites	 of	 printed	
newspapers,	and	other	e.g.	blogs;	chapter	 five	 [weeds	on	the	web])	and	a	sample	of	
newspaper	headlines	more	 generally	 (chapter	 seven,	 INNP	on	domestic	 property)	 to	
consider	how	different	sources	varied	in	their	portrayal	of	Japanese	knotweed,	and	how	
this	might	be	influencing	-	perhaps	inflating	-	people’s	perception	of	risk	about	this	plant.	

















positive	 outcomes,	 such	 as	 making	 people	 aware	 of	 INNP,	 potentially	 making	
identification	more	 likely	and	encouraging	discussion	around	the	topic.	However,	 the	
chapters	 within	 this	 thesis	 that	 address	 the	 media	 portrayal	 of	 Japanese	 knotweed	
highlight	 the	 potential	 negative	 consequences	 of	 over-emphasis	 of	 risks	 and	 how	 it	
might	lead	to	social	amplification	of	risk.	These	chapters	propose	that	there	are	several	
consequences	 of	 social	 amplification	 of	 risk	 in	 relation	 to	 INNP.	 For	 example,	 as	
previously	mentioned,	one	consequence	might	be	the	potential	reticence	of	reporting	
















more	 balanced	 discourse.	 (2)	 Acknowledge	 that	 each	 situation,	 like	 so	 many	




Interestingly,	 chapter	 six	 found	only	 limited	weak	evidence	of	a	 correlation	between	
people	only	hearing	about	Japanese	knotweed	from	the	media	and	their	perception	of	
risk.	This	highlights	the	need	to	consider	other	‘amplification	stations’.	For	example,	in	
chapter	 seven	 (INNP	 on	 domestic	 property)	 the	 role	 of	 ecologists	 and	 scientists	 in	
communicating	risks	 is	discussed	(Reichard	&	White	2001).	Militaristic	metaphors	are	
not	uncommon	in	scientific	writing.	Although	if	used	infrequently	the	consequences	may	
be	minimal,	 their	use	 in	 scientific	 literature	should	not	be	applied	 thoughtlessly.	The	





other	 forms	 of	 social	 media,	 such	 as	 Facebook	 and	 twitter,	 that	 are	 increasingly	




















Despite	 its	 valuable	 contributions	 towards	 this	 thesis,	 the	 social	 amplification	of	 risk	
framework	has	its	limitations.	First,	the	relationships	explored	within	the	framework	are	
extremely	complex	(Pidgeon	&	Barnett	2013;	Figure	8.1),	perhaps,	therefore,	forcing	a	





risk	 (Pidgeon	 &	 Henwood	 2010),	 as	 although	 the	 danger	 is	 real,	 the	 risk	 is	 socially	














Many	 chapters	 within	 this	 thesis	 used	 methods	 from	 the	 social	 sciences	 to	 answer	
questions	 about	 applied	 socio-ecological	 phenomena.	 Chapters	 four	 (plant	
identification),	six	(drivers	of	risk	perception)	and	seven	(INNP	on	domestic	property)	









research	 is	 easier	 to	 do.	 For	 example,	 an	 increasing	 number	 of	 interdisciplinary	
departments	are	being	created,	and	interdisciplinary	degrees	are	now	available	within	
the	 UK	 that	 are	 similar	 to	 the	 American	 model	 of	 major	 and	 minor	 subjects	 (e.g.	
https://www.ucl.ac.uk/basc).	Furthermore,	there	is	an	increasing	collection	of	academic	
writings	 highlighting	 the	 need	 for	 interdisciplinary	 research	 and	 about	 best	 practice	
guidance	(e.g.	Moon	&	Blackman	2014;	St	John	et	al.	2014).	There	will	always	be	a	role	








complexities	 of	 human	 behaviour.	 To	 capture	 the	 subtle	 nuances	 and	 intricate	
complexities	of	some	of	the	human	behaviour	aspects	and	perceptions	explored	in	this	
thesis,	qualitative	research	techniques	could	be	applied.	For	example,	focus	groups	and	
in	depth	 interviews	could	be	a	useful	 instrument	 in	disentangling	 the	complex	 social	
processes	producing	varying	perceptions	of	risk	and	behavioural	decisions	Furthermore,	































landscapes.	 This	 thesis	 recognises	 that	 humans	 contribute	 to	 both	 the	 cause	 and	
solutions.	One	of	the	greatest	causes	of	INNP,	as	well	as	other	environmental	challenges,	
is	 increasing	 consumption	 and	 global	 population	 growth.	 However,	 achieving	 a	
reduction	 in	 these	 is	 problematic	 (Buckley	 2016).	 One	 of	 the	 greatest	 solutions	 to	
present	day	environmental	challenges	is	human	willpower	and	cooperation.	It	is	critical	
that	we	continue	advancing	knowledge	of	the	causes	and	solutions	to	environmental	
challenges	 to	 ensure	 that	 we	 can	 continue	 to	 derive	 the	 well-being	 and	 ecosystem	
















The	 polygon	 files	 (n=4185)	 were	 converted	 to	 point	 locations	 using	 their	 centroid	
coordinates	and	merged	with	the	point	data	(n=3761	from	Cornwall	Council;	n=44	from	
NBN).	 To	account	 for	 repetition	of	 records	within	 close	proximity,	multiple	points	or	




































0.388	 ±	 0.054	***	 	 	 0.353	 ±	 0.042	***	 	
Log(building	cover)	 1.151		 ±	 0.078	***	 	 	 1.102	 ±	 0.061	***	 	
Properties	socially	rented	 -0.148	 ±	 0.046	**	 	 	 -0.133	 ±	 0.037	***	 	
Properties	privately	rented	 -0.064	 ±	 0.047	 	 	 -0.092	 ±	 0.038	*	 	
Min	temperature	 0.182	 ±	 0.050	***	 	 	 0.211	 ±	 0.041	***	 	
Max	temperature	 -0.141	 ±	 0.051	**	 	 	 -0.167	 ±	 0.041	***	 	
Land	area	 0.231	 ±	 0.088	**	 	 	 0.167	 ±	 0.070	*	 	
RAC	 			-	 -	 -	 	 0.954	 ±	 0.029	***	 	






1.00	 	 0.351	 ±	 0.043	***	 1.00	
Log	(building	cover)	 							1.145	 ±	 0.078	
***	
1.00	 	 1.099	 ±	 0.061	***	 1.00	
Properties	socially	rented	 						-0.146	 ±	 0.046	**	 1.00	 	 -0.133	 ±	 0.037	***	 1.00	
Properties	privately	rented	 -0.066	 ±	 0.047		 0.48	 	 -0.092	 ±	 0.038	*	 0.88	
Min	temperature	 0.174	 ±	 0.051	
***	
1.00	 	 0.206	 ±	 0.041	***	 1.00	
Max	temperature	 -0.148	 ±	 0.051	**	 0.97	 	 -0.169	 ±	 0.041	***	 1.00	
Land	area	 0.232	 ±	 0.088	**	 0.90	 	 0.167	 ±	 0.070	*	 0.87	





	 Without	accounting	for	SAC	 	 Accounting	for	SAC	




			0.385		 ±	 0.084	***	 	 		0.318	 ±	 0.104	**	
Log(building	cover)	 			2.837	 ±	 0.139	***	 	 		2.570	 ±	 0.154	***		
Properties	socially	rented	 		-0.446	 ±	 0.078	***	 	 	-0.356	 ±	 0.095	***		
Properties	privately	
rented		
		-0.197	 ±	 0.079	*	 	 	-0.134	 ±	 0.095		
Min	temperature	 				0.526	 ±	 0.086	***	 										0.537	 ±	 0.103	***	
Max	temperature	 		-0.477	 ±	 0.083	***	 		 	-0.344	 ±	 0.099	***	
Coast		 		-0.620	 ±	 0.107	***	 	 	-0.588	 ±	 0.128	***	






	 									Without	accounting	for	SAC	 	 		Accounting	for	SAC	




	0.405	 ±	 0.084	***	 	 0.328	 ±	 0.105	**	
Log(building	cover)	 	2.836	 ±	 0.144	***	 	 2.502	 ±	 0.162	***	
Properties	socially	rented	 -0.444	 ±	 0.078	***	 	 -0.330	 ±	 0.096	***	
Properties	privately	rented		 -0.188	 ±	 0.079	*	 	 -0.114	 ±	 0.096	
Min	temperature	 0.534	 ±	 0.085	***	 	 0.611	 ±	 0.102	***	
Max	temperature	 -0.495		 ±	 0.084	***	 	 -0.353	 ±	 0.100	***	
Land	area	 0.930	 ±	 0.125	***	 	 1.138	 ±	 0.144	***	
RAC	
	




0.476		 ±	 0.077	***	 	 0.402	 ±	 0.090	***	
Log	(building	cover)	 0.957	 ±	 0.106	***	 	 0.847	 ±	 0.110	***	
Properties	socially	rented	 -0.147	 ±	 0.067	*	 	 -0.099	 ±	 0.076		
Properties	privately	rented	 -0.062	 ±	 0.069	 	 -0.051	 ±	 0.080	
Min	temperature	 0.237	 ±	 0.072	***	 	 0.241	 ±	 0.091	**	
Max	temperature	 -0.163	 ±	 0.073	*	 	 -0.181	 ±	 0.090	*	































Each	 sample	 was	 spread	 thinly	 over	 400cm3	 of	 horticultural	 silver-sand	 in	 a	 small	
propagator	tray	(210	x15mm)	with	lids	to	maximise	likelihood	and	speed	of	germination	






























CI	 =	 173.0,	 207.8).	 The	 British	 Standards	 Specification	 for	 topsoil	 (BS3822:	 2015)	
provides	guidance	on	the	depth	of	topsoil,	suggesting	300mm.	Therefore:		- Average	quantity	of	soil	=	190m	x	0.3m	=	57m3	- Lower	confidence	interval	=	173.0	x	0.3m	=	51.9	m3	- Upper	confidence	interval	=	207.8	x	0.3m	=	62.34	m3	
As	a	rule	of	thumb	landscape	gardeners	add	20%	to	this	to	allow	for	shrinkage	of	soil	



























Acer	pseudoplatanus	 Perennial	 Invasive	 2	 2	 0	
Agrostis	capillaris	 Perennial	 Native	 52	 52	 0	
Agrostis	spp	 Perennial	 Native	 90	 75	 15	
Anagallis	arvensis	
	
Annual	 Native	 16	 3	 13	
Anthoxanthum	odoratum	
	
Perennial	 Native	 4	 1	 3	
Aphanes	arvensis	 Annual	 Native	 1	 0	 1	
Aquilegia	vulgaris	 Perennial	 Native	 15	 0	 15	
Atriplex	patula	 Annual	 Native	 1	 0	 1	
Betula	pendula	 Perennial	 Native	 3	 0	 3	
Buddleja	davidii	
	
Perennial	 Invasive	 254	 30	 224	
Campanula	portenschlagiana	 Perennial	
herb	
Naturalised	 3	 1	 2	
Cardamine	flexuosa	 Perennial	 Native	 7	 2	 5	
Cardamine	hirsuta	 Annual	 Native	 4	 2	 2	
Carex	spp	 Perennial	 Native	 118	 15	 103	
Cerastium	fontanum	 Perennial	 Native	 6	 4	 2	
Chenopodium	album	 Annual	 Native	 32	 7	 25	
Chenopodium	polyspermum	 Annual	 Native	 8	 0	 8	
Chenopodium	rubrum	 Annual	 Native	 2	 0	 2	
Cirsium	arvense		 Perennial	 Native	 2	 2	 0	
Crepis	capillaris	 Perennial	 Native	 3	 3	 0	
Crocosmia	aurea	X	C.	pottsii	 Perennial	 Invasive	 5	 0	 5	
Cruciata	laevipes		 Perennial	 Native		 1	 0	 1	
Cymbalaria	muralis	 Perennial	 Naturalised	 27	 0	 27	
Cynosurus	cristatus	 Perennial	 Native	 3	 2	 1	
Dactylis	glomerata	 Perennial	 Native	 19	 19	 0	
Digitalis	purpurea	 Biennial	 Native	 31	 2	 29	
Epilobium	ciliatum	 Perennial	 Invasive	 24	 6	 30	
Epilobium	hirsutum	 Perennial	 Native	 1	 0	 1	
Epilobium	montanum	 Perennial	 Native	 6	 3	 3	
Epilobium	spp	 Perennial	 Native	 30	 18	 12	
Euphorbia	helioscopia	 Annual	 Naturalised	 1	 0	 1	
Festuca	spp	 Perennial	 Native	 105	 98	 203	
Filago	minima	 Annual	 Native	 2	 0	 2	
Galium	mollugo	 Perennial	
herb	
Native	 5	 0	 5	
Geranium	robertianum	 Annual	 Native	 1	 0	 1	
Glechoma	hederacea	 Perennial	 Native	 1	 0	 1	
Holcus	lanatus	 Perennial	 Native	 74	 48	 26	
Hypericum	perforatum	 Perennial	 Native	 3	 1	 2	
Hypochaeris	radicata	 Perennial	 Native	 1	 1	 0	
Jacobaea	vulgaris	 Perennial	 Native	 16	 16	 0	
Juncus	spp	 Perennial	 Native	 121	 107	 14	
Lamium	amplexicaule	 Annual	 Invasive	 2	 2	 0	
Lapsana	communis	 Annual	 Native	 4	 4	 0	
Lepidium	coronopus	 Annual	 Native	 19	 3	 16	
Leucanthemum	vulgare	 Perennial		 Native	 1	 0	 1	
Linaria	purpurea	 Perennial	
herb	
Naturalised	 1	 0	 1	
Lolium	perenne	 Perennial	 Native	 3	 2	 1	
Matricaria	discoidea	 Annual	 Naturalised	 3	 3	 0	
Nicotiana	alata	 Annual	 Naturalised	 2	 0	 2	
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Oxalis	corniculata		 Perennial	 Invasive	 7	 0	 7	
Persicaria	lapathifolia	 Annual	 Native	 9	 4	 5	
Persicaria	maculosa	 Annual	 Native	 14	 12	 2	
Pilosella	officinarum		 Perennial	 Native	 5	 4	 1	
Plantago	lanceolata	 Perennial	 Native	 2	 1	 1	
Poa	annua	 Annual	 Native	 47	 42	 5	
Polygonum	aviculare	 Annual	 Native	 11	 11	 0	
Ranunculus	repens	 Perennial	 Native	 95	 85	 10	
Raphanus	raphanistrum	 Annual	 Naturalised	 1	 0	 1	
Rubus	fruticosus	agg.	 Perennial	 Native	 1	 0	 1	
Rumex	acetosa	 Perennial	 Native	 1	 0	 1	
Rumex	spp	 Perennial	 Native	 76	 69	 7	
Sagina	procumbens	 Perennial	
herb	
Native	 90	 26	 64	
Silene	dioica	 Perennial	
herb	
Native	 41	 32	 9	
Sinapis	arvensis	 Annual	 Invasive	 4	 3	 1	
Solanum	lycopersicum	 Perennial	 Naturalised	 1	 1	 0	
Soleirolia	soleirolii	 Perennial	 Naturalised	 1	 0	 1	
Sonchus	spp	 Perennial	 Native	 3	 2	 1	
Stachys	arvensis	 Annual		 Naturalised	 1	 1	 0	
Stachys	sylvatica	 Perennial	 Native	 11	 4	 7	
Stellaria	holostea	 Perennial	
herb	
Native	 7	 7	 0	
Stellaria	media	 Annual	 Native	 10	 8	 2	
Taraxacum	campylodes	agg	 Perennial	 Native	 2	 2	 0	
Teesdalia	nudicaulis	 Annual	 Native	 1	 1	 0	
Trifolium	dubium	 Annual	 Native	 8	 5	 3	
Trifolium	repens	 Perennial	 Native	 7	 5	 2	
Tripleurospermum	indorum	 Annual	 Invasive	 1	 1	 0	
Urtica	dioica	 Perennial	 Native	 79	 44	 35	
Veronica	persica	 Annual	 Naturalised	 39	 4	 35	
Viola	arvensis	 Annual	 Naturalised	 3	 3	 0	
Unidentified	a		 -	 -	 1	 1	 0	
Unidentified	b	 -	 -	 1	 1	 0	
Unidentified	c	 -	 -	 1	 1	 0	
Unidentified	d	 -	 -	 1	 1	 0	
Unidentified	e	 -	 -	 2	 0	 2	
Unidentified	f	 -	 -	 1	 0	 1	
Unidentified	g	 -	 -	 1	 0	 1	
Unidentified	h	 -	 -	 1	 0	 1	
Unidentified	i	 -	 -	 1	 0	 1	



























90	 958	 67	 870	 62	
Native	 1429		
		































































































































































































	 	 	 	 	 	







	 Estimate	 Std.	Error	 z	value	 P-value		
a)	Ability	to	correctly	name	plants	 	 	
(Intercept)	 -0.288	 0.209	 -1.378	 0.168	
Age	(30-39)	 0.553	 0.176	 3.147	 0.002	
Age	(40-49)	 0.837	 0.135	 6.222	 <0.001	
Age	(50-59)	 1.140	 0.142	 8.027	 <0.001	
Age	(60+)	 1.345	 0.151	 8.900	 <0.001	
Gender	(male)	 -0.679	 0.089	 -7.649	 <0.001	
Education	(2)	 -0.196	 0.164	 -1.197	 0.231	
Education	(3)	 -0.113	 0.156	 -0.725	 0.468	
Education	(4)	 0.002	 0.140	 0.014	 0.989	
Education	(5)	 -0.002	 0.148	 -0.014	 0.989	
Member	of	(one)	 0.282	 0.113	 2.497	 0.013	
Member	of	(two)	 0.434	 0.141	 3.068	 0.002	
Member	of	(three)	 0.655	 0.152	 4.305	 <0.001	
Garden	(yes)	 0.282	 0.150	 1.874	 0.061	
Lives	(rest	of	UK)	 -0.256	 0.096	 -2.657	 0.008	
b)	Ability	to	classify	plants	as	native	or	non-native		 	
(Intercept)	 0.606	 0.198	 3.066	 0.002	
Age	(30-39)	 0.094	 0.192	 0.490	 0.624	
Age	(40-49)	 0.119	 0.146	 0.818	 0.414	
Age	(50-59)	 0.153	 0.152	 1.012	 0.312	
Age	(60+)	 -0.007	 0.157	 -0.044	 0.965	
Gender	(male)	 0.191	 0.094	 2.024	 0.043	
Education	(2)	 0.105	 0.170	 0.618	 0.537	
Education	(3)	 0.085	 0.153	 0.556	 0.579	
Education	(4)	 0.195	 0.141	 1.379	 0.168	
Education	(5)	 0.295	 0.150	 1.966	 0.049	
Member	of	(one)	 -0.063	 0.111	 -0.564	 0.573	
Member	of	(two)	 0.110	 0.149	 0.737	 0.461	
Member	of	(three)	 0.110	 0.148	 0.747	 0.455	
Garden	(yes)	 0.206	 0.160	 1.288	 0.198	





















grow	 and	 spread	 rapidly,	 either	 generally	 or	 by	 stating	 figures.	
Documents	needed	to	go	beyond	saying	simply	that	it	is	invasive,	and	use	
words	that	imply	fast	growth,	such	as	‘vigorous’.	
E.g.	 “Japanese	 knotweed	 is	 an	 impressive	 species	 that	 grows	 rapidly”	
(Japanese	Knotweed	Ltd.)		
2. Grows	tall.		















types,	 no	 matter	 how	 poor,	 with	 pH	 values	 ranging	 from	 4.5	 to	 7.4”	
(Japanese	Knotweed	Ltd.)	
5. Rhizomes	that	can	survive	extreme	conditions.		
If	 the	 document	 included	 information	 about	 how	 Japanese	 knotweed	
rhizomes	can	withstand	exposure	to	extremely	low	temperatures	or	high	
salinity	and	still	be	able	to	regenerate.		
E.g.	 “Its	 rhizomes	 can	 survive	 temperatures	 of	 −35	 °C	 (−31	 °F)”	
(Bloomingdale).		
6. Rhizomes	can	survive	extended	dormancy	periods.		









of	 Japanese	 knotweed’s	 root	 system,	 referring	 to	 vertical	 spread,	
horizontal	spread,	or	both).		
E.g.	“the	plants	underground	rhizome	(root)	system	will	penetrate	up	to	











E.g.	 “the	 invasive	 nature	 of	 the	 plant	 can	 ruin	 well-planted	 and	 well-
stocked	gardens”.	(Royal	Institute	of	Chartered	Surveyors).	
2. Increase	flood	risk.		
If	 the	 document	 included	 information	 about	 how	 the	 presence	 of	
Japanese	 knotweed	 can	 increase	 the	 risk	 of	 flooding.	 This	 could	 arise	
from	damage	to	hard	flood	defences,	increased	erosion	of	the	riverbank	
or	dead	stems	causing	blockages	to	water	flow,	weirs	or	sluices.		










If	 the	document	 included	 information	about	how	 the	 rapid	and	dense	
growth	of	Japanese	knotweed	can	disrupt	visibility	by	blocking	road	signs	
and	sight	lines.		
E.g.	 “Many	 roadside	 verges	 and	 hedges	 are	 infested	 with	 Japanese	
knotweed…	obscuring	signs	and	visibility”.	(Cornwall	Council).	
5. Trap	litter	and	vermin.		















If	 the	 document	 included	 information	 about	 how,	 on	 riverbanks	 and	
footpaths,	Japanese	knotweed	can	impede	recreational	activities,	largely	
by	restricting	access.		
E.g.	 “Populations	 on	 riverbanks	 can	 cause	 difficulties	 of	 access	 for	
walkers,	boaters	and	anglers.”	(British	Records	Centre).		
9. Cause	a	fire	hazard.		
If	 the	 document	 included	 information	 about	 how,	 during	 dry	 summer	
months,	the	stems	of	Japanese	knotweed	pose	a	fire	risk.		
E.g.	 “It	 also	 creates	 a	 fire	 risk	 during	 the	 summer	months”	 (Japanese			
Knotweed	Control	Ltd.)		
10. Presence	on	riverbanks	can	lead	to	soil	erosion.		






















If	 the	 document	 included	 information	 about	 how	 the	 presence	 of	
Japanese	knotweed	on	a	property	or	an	adjacent	property	can	 lead	to	






may	 arise	 between	 adjacent	 landholders	 when	 Japanese	 knotweed	 is	
present,	or	possible	legal	issues	that	may	arise	if	Japanese	knotweed	is	
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present	 but	 concealed	when	 selling	 a	 property.	 Documents	 had	 to	 go	
beyond	simply	stating	the	existence	of	legislation.	
E.g.	“However,	if	it	escapes	or	you	cause	it	to	spread	to	a	neighbouring	
house	 or	 garden,	 you	 may	 be	 liable	 with	 litigation	 against	 you.”	
(Knotweed	Management)		
5. Can	cause	delays	to	planning	applications	and	building	development	projects.		
If	 the	 document	 included	 information	 about	 how	 the	 presence	 of	




If	 the	 document	 included	 information	 about	 how	 damage	 caused	 by	
Japanese	knotweed	may	not	be	covered	by	regular	insurance.		















































































































































































































































































































































































Subsidence		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Damp		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Ivy		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Bats	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	




⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
High	flood	risk	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Large	trees	close	to	
the	property		
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Radon	Gas	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	
Dry	Rot		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 									⎕	


















High	flood	risk		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Subsidence		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Damp	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Bats		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Dry	Rot	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Large	trees	close	to	the	
property		
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Ivy	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Mundic	block		 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Japanese	knotweed	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Radon	Gas	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
Herring	gulls,	black-headed	
gulls	etc.	(Seagulls)	












	 None	 Little	 Some	 Much	 Extensive	 No	Idea	
	
It	can	spread	to	adjacent	land.	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	damage	the	national	economy.	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	cause	anxiety	to	the	property	
owner.	
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	damage	the	structure	of	the	
house.	
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	have	negative	impacts	for	animals.	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	devalue	the	property.	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	be	costly	to	control	for	the	person	
responsible.	
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	damage	the	structure	of	the	
garden.	
⎕	 ⎕	 ⎕	 ⎕	 ⎕	 ⎕	
It	can	have	negative	impacts	on	other	
plants.	









































To	 develop	 a	 list	 of	 potential	 concerns	 on	 domestic	 property	 other	 than	 Japanese	
knotweed	we	carried	out	semi-structured	interviews	in	person	with	estate	agents	(n	=	
20),	building	surveyors	(n	=	2)	and	mortgage	advisors	(n	=	4)	in	May	2015.	Interviewees	
were	 asked	 about	 other	 potential	 concerns	 causing	 similar	 problems	 to	 Japanese	








thought	 could	 be	 the	 particular	 threats	 Japanese	 knotweed	 could	 have	 in	 domestic	
gardens.	 These	 potential	 threats	 were	 combined	 with	 the	 direct	 and	 indirect	











































































a)	 	 	 	 	
Direct	professional	experience	
(occupation	involves	ecology)	
-0.34	 0.32	 -1.08	 NS	
Direct	professional	experience	
(occupation	involves	housing	market)	
-1.71	 0.34	 -5.02	 ***	
Direct	domestic	experience	(true)	 0.78	 0.33	 2.36	 *	
Indirect	experience:	if	heard	only	
from	mass	media	(true)	
-0.53	 0.35	 -1.52	 NS	
Proximity	to	risk:	if	own	property	
(yes)	
-0.08	 0.30	 -0.29	 NS	
Age	(30-39)	 -0.12	 0.38	 -0.32	 NS	
Age	(40-49)	 -0.29	 0.42	 -0.69	 NS	
Age	(50-59)	 0.00	 0.43	 0.01	 NS	
Age	(60+)	 0.10	 0.43	 0.22	 NS	
Education	(level	2)	 -0.63	 0.48	 -1.30	 NS	
Education	(levels	3)	 -0.64	 0.39	 -1.66	 NS	
Education	(levels	4)	 -0.85	 0.34	 -2.48	 *	
Gender	(male)	 -0.29	 0.23	 -1.28	 NS	
b)	 	 	 	 	
Direct	professional	experience	
(occupation	involves	ecology)	
0.66	 0.32	 2.10	 *	
Direct	professional	experience	
(occupation	involves	housing	market)	
0.69	 0.32	 2.18	 *	
Direct	domestic	experience	(true)	 0.09	 0.32	 0.27	 NS	
Indirect	experience:	if	heard	only	
from	mass	media	(true)	
0.15	 0.33	 0.46	 NS	
Proximity	to	risk:	if	own	property	
(yes)	
-0.04	 0.30	 -0.13	 NS	
Age	(30-39)	 0.85	 0.38	 2.28	 *	
Age	(40-49)	 0.86	 0.41	 2.08	 *	
Age	(50-59)	 0.97	 0.44	 2.22	 *	
Age	(60+)	 1.36	 0.43	 3.18	 **	
Education	(level	2)	 -0.21	 0.44	 -0.49	 NS	
Education	(levels	3)	 0.78	 0.37	 2.09	 *	
Education	(levels	4)	 0.15	 0.32	 0.47	 NS	











a)	 	 	 	 	 	 	
1|2	 -2.91	 0.53	 0.53	 5.48	 ***	 	
2|3	 -1.66	 0.48	 0.48	 3.46	 ***	 	
3|4	 0.08	 0.45	 0.45	 0.17	 	 	
4|5	 1.72	 0.45	 0.46	 3.77	 ***	 	
Direct	domestic	experience	(true)	 1.13	 0.42	 0.42	 2.67	 **	 0.96	
Indirect	experience:	if	heard	only	from	mass	
media	(true)	
-0.46	 0.35	 0.35	 1.32	 NS	 0.45	
Proximity	to	risk:	know	within	5km	(yes)	 0.78	 0.28	 0.28	 2.78	 **	 0.99	
Proximity	to	risk:	if	own	property	(yes)	 -0.02	 0.31	 0.31	 0.06	 NS	 0.23	
Education	(level	2)	 -0.55	 0.51	 0.52	 1.07	 NS	 0.80	
Education	(levels	3)	 -0.57	 0.41	 0.41	 1.39	 NS	 	
Education	(levels	4)	 -1.04	 0.35	 0.35	 2.94	 **	 	
Gender	(male)	 -0.31	 0.27	 0.28	 1.13	 NS	 0.37	
b)		 	 	 	 	 	 	
1|2	 -1.23	 0.47	 0.47	 2.64	 **	 	
2|3	 0.56	 0.44	 0.44	 1.27	 NS	 	
3|4	 1.56	 0.46	 0.46	 3.38	 ***	 	
4|5	 2.69	 0.49	 0.49	 5.45	 ***	 	
Indirect	experience:	if	heard	only	from	mass	
media	(true)	
0.74	 0.35	 0.36	 2.07	 *	 0.77	
Proximity	to	risk:	know	within	5km	(yes)	 1.54	 0.30	 0.30	 5.14	 ***	 1.00	
Direct	domestic	experience	(true)	 0.64	 0.42	 0.42	 1.53	 NS	 0.53				
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Proximity	to	risk:	if	own	property	(yes)	 0.68	 0.34	 0.34	 1.99	 *	 0.73	
Gender	(male)	 -0.39	 0.28	 0.28	 1.42	 NS	 0.48	
Age	(30-39)	 1.06	 0.53	 0.54	 1.96	 *	 0.24	
Age	(40-49)	 1.31	 0.51	 0.52	 2.53	 *	 	
Age	(50-59)	 0.86	 0.51	 0.51	 1.68	 NS	 	
Age	(60+)	 1.06	 0.49	 0.49	 2.16	 *	 	
Education	(level	2)	 0.13	 0.48	 0.48	 0.27	 NS	 0.16	
Education	(levels	3)	 0.73	 0.41	 0.42	 1.76	 NS	 	



















					Don’t	know	/	not	heard	of	it	 14.7%	 	 (n	=	33)	
Low	severity		 1.	 6.7%	 	 (n	=	15)	
		 2.	 19.1%	 	(n	=	43)	
	 3.												 17.3%	 	(n	=	39)	
		 4.	 19.1%	 	 (n	=	43)	






I	know	very	little							 1	 10.4	%		 (n	=	21)	
	 2	 15.9%		 (n	=	32)	
	 3	 18.4%		 (n	=	37)	
Intermediate	 4	 27.9%		 (n	=	56)	
	 5	 17.4%		 (n	=	35)	
	 6	 8.5%		 (n	=	17)	















































Very	easy	 1	 0%		 (n	=	0)	
	 2	 3.5%	 (n	=	7)	
Intermediate	 3	 15.4%	 (n	=	31)	
	 4	 34.8%	 (n	=	70)	







Concern	it	will	spread	to	adjacent	land		 31.3%	 	 (n	=	63)	





Concern	about	damage	to	the	structure	of	the	garden	 6%	 	 (n	=	12)	
Concern	it	will	devalue	the	property	 9%	 	 (n	=	18)	
Concern	about	potential	future	expense	 5%	 	 (n	=	10)	
Concern	about	negative	impacts	on	animals	 4.5%	 	 (n	=	9)	
It	looks	unsightly	 1%	 	 (n	=	2)	
Other	 2.5%	 	 (n	=	5)	




18–29	 17.8%	 	 (n	=	40)	
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30–39	 13.8%	 	 (n	=	31)	
40–49	 16.9%	 	 (n	=	38)	
50–59	 21.3%	 	 (n	=	48)	
60+	 30.2%	 	 (n	=	68)	
10.	What	is	your	gender?	
Female	 56.4%	 	 (n	=	127)	
Male	 43.6%	 	 (n	=	98)	
11.	What	is	your	highest	level	of	education?	
No	formal	qualifications	 6.7%	 	 (n	=	15)	
‘O’	level,	GCSE,	or	equivalent	or	less	 17.8%	 	 (n	=	40)	
‘A’	Level,	AS	Level,	or	equivalent	 11.1%	 	 (n	=	25)	
Further	education	or	vocational	training	 20.9%	 	 (n	=	47)	
First	degree	or	higher	 43.6%	 	 (n	=	98)	
12.	Which	of	the	following	applies	to	your	living	arrangements?	
Live	with	family	 7.6%	 	 (n	=	17)	
Own	property	 67.1%	 	 (n	=	151)	
Rent	–	Private	 21.3%	 	 (n	=	48)	
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